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ABSTRACT 
EMISSION DIFFERENCE BETWEEN NATURAL GAS USAGE AND DIGESTER GAS USAGE 
Mahyar Ghorbanian 
July 23, 2010 
It is important to burn the air toxics and harmful gases which come from water and 
wastewater treatment processes. In common practice, instead of natural gas, digester gas is 
used for economical reasons. This burning process takes place in the Regenerative Thermal 
Oxidizer (RTO). 
The current research was conducted to identify if there exists any differences between 
natural gas and digester gas in outlet emission. The location of the experiment was at Morris 
Forman Wastewater Treatment Plant of Metropolitan Sewer District (MSD) of Jefferson County, 
Kentucky, USA. In this experiment, the RTO was run in two cases: one fueling by digester gas 
and next fueling by natural gas; then samples were obtained from a sampling port during each 
case. The captured samples were analyzed in the laboratory at the University of Louisville, 
Kentucky. The resulted data from these two cases showed that there are not much emission 
differences between these two fuels. Therefore, use of digester gas instead of natural gas is an 
economical move without causing any harmful emission. 
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The most important needs for human beings are food, water and a continuous supply of 
air. The amounts of water and air are relatively constant and steady (1-2 liters per day and 10-20 
m3, respectively) (1). A person can live about five weeks without food and about five days without 
water, but only five minutes without air (2). It's an essential human right that all people need to 
freely access an acceptable quality of water and air in their life (1), but the atmosphere, that 
invisible ocean of different gases called air, is as susceptible to pollution from human activities 
(2). 
The quality of air will be affected by chemicals from both natural and man-made 
(anthropogenic) sources. The various chemicals are emitted into the atmosphere. The quantities 
of these chemicals may vary in the range from hundreds to millions of tons annually (1). U.S. 
Environmental Protection Agency (USEPA) had designated a list of Hazardous Air Pollutants 
(HAPs) in the Clean Air Act (CM). This list includes 188 HAPs (3). 
Natural air pollution is caused by several biotic and abiotic sources like plants, 
radiological decomposition, forest fires, volcanoes and other geothermal sources, and emissions 
from land and water. These result in a natural background concentration that varies according to 
local sources or specific weather conditions. 
Man-made or anthropogenic air pollution has existed from when people learned to use 
fire, but it has increased rapidly since the industrialization period began. The increase in air 
pollution resulting from the expanding use of fossil fuel energy sources and use of chemicals has 
been accompanied by mounting public concern about its detrimental effects on health and the 
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environment. Moreover, knowledge of the nature, quantity, physiochemical behavior and effects 
of air pollutants has greatly increased in recent years. Nevertheless, more needs to be known. 
Certain aspects of the health effects of air pollutants require further assessment (4). Air pollution 
certainly is not a new phenomenon. Indeed, early references are to the Middle Ages, when 
smoke from burning coal was already considered such a serious problem before industrial 
revolution, King Edward I banned its use in London. In more recent times, though still decades 
ago, several serious episodes focused attention on the need to control the quality of the air we 
breathe. The worst of these occurred in London, in 1952. A week of intense fog and smoke 
resulted in over 4000 deaths that were directly attributed to the pollution. In the United States the 
most catastrophic episode occurred during a 4-day period in 1948 in Donora, Pennsylvania, when 
20 deaths and almost 6000 illnesses occurred during an air inversion. At the time, Donora had a 
population of only 14000, making this the highest per capita death rate ever recorded from an air 
pollution episode (5). 
The impact of air pollution is broad. In humans, the pulmonary deposition and absorption 
of inhaled chemicals can have direct effects for health. Nevertheless public health can also be 
indirectly affected by air pollutants in environmental media and by plants and animals, resulting in 
chemicals entering the food chain or being present in drinking water and therefore producing 
additional sources of human exposure. Furthermore the direct effect of air pollutants on plants, 
animal, and soil can influence the structure and function of the ecosystems. 
In recent decades, major efforts have been made to reduce air pollution globally. The 
emission of the main air pollutants has declined significantly (4). International efforts to combat 
emissions are undertaken, for instance within the framework of the Convention on Long-range 
Transboundary Air Pollution established by the United Nations Economic Commission (6, 7). 
The task of reducing levels of exposure to air pollutants is a complex one. It begins with 
an analysis to determine which chemicals are present in the air and at what exposure level is 
hazardous to human health and the environment. It can then be determined whether an 
unacceptable risk is present. When a problem is identified, mitigation strategies should be 
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developed and implemented so as to prevent excessive risk to public health in the most efficient 
manner (8). 
"Analyses of air pollution problems are exceedingly complicated. Some are national in 
scope (such as the definition of actual levels of exposure of the population, the determination of 
acceptable risk, and the identification of the most efficient control strategies), while others are of a 
more basic character and are applicable in all countries (such as analysis of the relationship 
between chemical exposure levels, and doses and their effects)" (8). 
Indoor pollution and occupational exposure contributes to overall human exposure, since 
90% of human's time is spent indoors. Indoor exposure of nitrogen dioxide (N02), carbon 
monoxide (CO), particulate matters (PM1o and PM25), ozone (03) and sulfur dioxide (S02) are 
higher than outdoor exposure (8). 
Outdoor air pollution can be caused from a single point source, which may affect only a 
relatively small area. More often, outdoor air pollution is caused by a mixture of pollutants from a 
variety of sources, such as transportation and heating, and from point sources. Finally, in addition 
to those emitted by local sources, pollutants transported over long distances contribute further to 
the overall level of air pollution. 
The relative contribution of emission sources to human exposure to air pollution may vary 
according to regional and lifestyle factors. As far as some pollutants are concerned, indoor air 
pollution is more important than outdoor pollution, because people spend 90% or more their time 
indoors. However this does not diminish the importance of outdoor pollution. In terms of amounts 
of substances released, the latter is far more important and may have harmful effects on animals, 
plants and materials as well as effects on human health. Pollutants produced outdoors may 
penetrate into the indoor environment and may affect human health by exposure both indoors 
and outdoors (9). 
In this study, the outdoor air pollution control system in the Morris Forman Wastewater 
Treatment Plant of Metropolitan Sewer District (MSD), Louisville, Kentucky was investigated. In 
this plant, Regenerative Thermal Oxidizers (RTO) are used to burn the air toxics and Volatile 
Organic Compounds that are discharged from the solid waste handling processes. Thermal 
oxidizers achieve VOC destruction through high temperature thermal oxidation, converting the 
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VOCs to carbon dioxide and water vapor, and recycling released energy to reduce operating 
costs . Regeneration refers to regenerating the heat of a large thermal mass. For generating high 
temperatures in thermal oxidation, the RTO can be fueled by either digester gas or natural gas. 
FIGURE 1 shows the RTOs which are being used at the plant. 
Figure 1- Regenerative Thermal Oxidizer at Morris Forman plant 
The required digester gas will be produced in the plant from anaerobic digestion of solid 
in the wastewater. The typical compounds (by volume) in digester gas are: Methane (50-75%), 
Carbon Dioxide (25-50), and Nitrogen, Hydrogen, Hydrogen Disulfide, and Oxygen . From an 
economical point of view, it is better to use digester gas than pipeline Natural gas; but 
theoretically and environmentally, natural gas is cleaner than digester gas. The purpose of this 
study is to find out the difference of pollutant emissions between the two cases when the plant is 
fueled by the mentioned gases. This study will answer questions like what pollutants are in both 
cases emissions, what pollutants have higher concentration in digester gas usage than pipeline 
natural gas usage or vice versa , how these pollutants come, which of them are more critical than 
others and etc. If the pollution from using digester gas is not too much and does not exceed the 






Air pollution from human activities can be said to have originated with the discovery of 
fire; even today, most air contaminants are produced in combustion processes from mobile and 
stationary sources. 
In the 1 ih century, the development of the steam engine and the beginning of the 
industrialization outstand a new era of air pollution. Early in the 20th century, yet another 
significant air pollution era began when the gasoline-powered automobile became a major 
contributing source. But it was not until the mid-1900s that any lasting efforts were made to 
protect air quality. Meaningful efforts to control air pollution were initiated about that time, largely 
as the result of deadly air pollution episodes, particularly those in Donora, Pennsylvania; London, 
England; and the Meuse Valley, Belgium (2). 
Those air pollution episodes were the result of exceptionally high concentrations of sulfur 
oxides and particulate matter, the primary constituents of "industrial smog" or "sulfurous smog". 
Sulfurous smog is caused almost entirely by combustion of fossil fuels, especially coal, in 
stationary sources such as power plants and smelters. In contrast, the air pollution problem in 
many cities is caused by emissions of carbon monoxide, oxides of nitrogen, and various 
hydrocarbons that move around in the atmosphere reacting with each other and with sunlight to 
form "photochemical smog". Although stationary sources also contribute to photochemical smog, 
the problem is most closely associated with motor vehicles. 
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Much of the work on air pollution in the last few decades has centered on six compounds, 
called criteria pollutants (will be described later in this chapter), that have been identified as 
contributors to both sulfurous and photochemical smog problems (5). 
The Donora episode, London's "Killer Smog" and other events helped focus public 
attention on air pollution and prompted development of new approaches, laws, and technologies 
needed to solve the problem (2). 
Summary of the Clean Air Act 
Initial efforts on the part of the U.S. Congress to address the nation's air pollution 
problem began with the section of the Air Pollution Control Act of 1955. Although it provided 
funding only for research, and not control, it was an important event because it opened the door 
to federal participation in efforts to deal with air pollution. Up until that time, air pollution had been 
thought to be a state and local problem. This was followed by a series of legislative actions by 
Congress that included the Clean Air Act of 1963, the Motor Vehicle Air Pollution Control Act of 
1965, the Air Quality Act of 1967, the Clean Air Act Amendments of 1970, the Energy Supply and 
Environmental Coordination Act of 1974, and the Clean Air Act Amendments of 1977, all of which 
are sometimes lumped together and referred to as the Clean Air Act (CAA) (5). 
Much of the real structure to the Clean Air Act was established in the 1970 Amendments. 
In those amendments, the Environmental Protection Agency (EPA) was required to establish 
National Ambient Air Quality Standards (NAAQS), and states were required to submit State 
Implementation Plans (SIPs) that would show how they would meet those standards. In addition, 
the Act required New Source Performance Standards (NSPS) to be established that would limit 
emissions from certain specific types of industrial plants. Emission standards were also written for 
mobile sources that required manufacturers to reduce emissions from new cars by 90 % (5). 
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There is a difference between these two types of standards that should be noted. 
Ambient air quality standards are acceptable concentrations of pollution in the atmosphere, 
whereas emission standards are the allowable rates which pollutants can be released from a 
source (5). 
Air Quality Standards 
National Ambient Air Quality Standards have been established by the EPA for two cases: 
primary and secondary. Primary standards are at levels that will protect public health and include 
"adequate margin of safety," regardless of whether the standards are economically or 
technologically achievable. Primary standards must protect the most sensitive individuals, 
including children, the elderly and those with respiratory ailments. NMQS are conceptually 
different from maximum contaminant levels (MCLs) that have been set drinking water (5). 
Secondary air quality standards were set to be even more stringent than primary 
standards. Secondary air quality standards are established to protect public welfare such as 
animals and fabrics. Table I lists the current NMQS standards (5). 
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Table I - National Ambient Air Quality Standards (Source: USEPA) 
Primary Standards Secondar Standards 
Pollutant Level Averaging Time Level 
Averaging 
Time 
9 ppm 8-hour (I) 
Carbon (10 mg/m3) None 
Monoxide 35 ppm I-hour (I) 
(40 mg/m3) 
0.15 Ilg/m3 (2) Rolling 3-Month Same as Primary 
Lead Average 
1.5 llg/m3 Quarterly Average Same as Primary 
Nitrogen 0.053 ppm Annual Same as Primary 
Dioxide (100 Ilg/m3) (Arithmetic Mean) 
Particulate 15OIlg/m3 24-hour (3) Same as Primary 
Matter (PM 10) 
15.0Ilg/m3 
Annual (4) 
Same as Primary 
Particulate (Arithmetic Mean) 
Matter (PM25) 
351lg/m3 24-hour (5) Same as Primary 
0.075 ppm (2008 std) 8-hour (6) Same as Primary 
Ozone 0.08 ppm (1997 std) 8-hour (7) Same as Primary 
0.12 ppm I-hour (8) Same as Primary 
Sulfur 0.03 ppm 
Annual 0.5 ppm 
(Arithmetic Mean) (1300 3-hour (I) 
Dioxide 
0.14 ppm 24-hour (I) Ilg/m3) 
(I) Not to be exceeded more than once per year. 
(2) Final rule signed October 15,2008. 
(3) Not to be exceeded more than once per year on average over 3 years. 
(4) To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from single or multiple community-
oriented monitors must not exceed 15.0 ~g/m3. 
(5) To attain this standard, the 3-year average of the 98th %ile of 24-hour concentrations at each population-oriented monitor within an 
area must not exceed 35 ~g/m3 (effective December 17,2006). 
(6) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone concentrations measured at 
each monitor within an area over each year must not exceed 0.075 ppm. (effective May 27, 2008) 
(7) (a) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone concentrations measured 
at each monitor within an area over each year must not exceed 0.08 ppm. 
(b) The 1997 standard-and the implementation rules for that standard-will remain in place for implementation purposes as EPA 
undertakes rulemaking to address the transition from the 1997 ozone standard to the 2008 ozone standard. 
(R) (a) The standard is attained when the expected number of days per calendar year with maximum hourly average concentrations 
above 0.12 ppm is:s I. 
(b) As of June 15, 2005 EPA has revoked the I -hour ozone standard in all areas except the fourteen 8-hour ozone 
non attainment Early Action Compact (EAC) Areas. For one of the 14 EAC areas (Denver, CO), the I-hour standard was revoked on 
November 20, 2008. For the other 13 EAC areas, the I-hour standard was revoked on April 15,2009. (Source: USEPA) 
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Emission Standards 
Besides establishing National Ambient Air Quality Standards (NAAQS), the Clean Air Act 
(CAA) also requires EPA to establish emission standards for some certain industries. New 
Source Performance Standards (NSPS) have been promulgated for a large number of stationary 
sources such as fossil-fuel-fired power plants, incinerators, Portland cement plants, nitric acid 
plants, petroleum refineries, sewage treatment plants, and smelters of various sorts" (5). Notice 
the allowable emissions are expressed as pounds of pollutants per million BTU of heat input to 
power plant. Table II is an example of NSPS for electric power plants (5). 
Table II - NSPS for Steam Electric Power Plants (lb/106 Btu Heat Input) (5) 
Particulates 0.03 lbll06 Btu of heat input (13 gllOt> kJ) 
Nitrogen oxides (NOx) 
Gas-fired 0.20 lb/l06 Btu (86 gl106 kJ) 
Oil-fired 0.30 lb/106 Btu (130 gll06 kJ) 
Coal-fired 0.60 lb/l06 Btu (260 gll06 kJ) 
Sulfur dioxide (S02) 
Gas or Oil 0.20 lb/l06 Btu (86 gl106 kJ) for gas or 
Coal-fired oil. 
Allowable emission rates are based on the 
sulfur content and heating value of the 
fuel. Controls must reduce emissions by 
at least 70%. If emissions reduction is less 
than 90%, emissions cannot exceed 0.6 
lbll06 Btu; above 90%, emissions cannot 
exceed 1.2lb/l06 Btu. 
Atmospheric Factors 
To understand topics related to the effects and control of air pollution, it is first necessary 
to know something about the composition and physical behavior of the atmosphere. What does 
"pure" air consist of, and how do meteorological or weather conditions affect the mixing and 
dispersion of pollutants? Meteorology, the science of the atmosphere and weather forecasting, in-
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volves the study of both large-scale and small-scale atmospheric circulation patterns. During some 
types of adverse weather conditions, small-scale circulation patterns are such that emitted 
pollutants are confined to a restricted volume of air. It is necessary to know how these weather 
patterns develop and to understand their impact on air pollution control requirements. Large-scale 
weather patterns are also of concern with regard to global air pollution problems (2). 
Composition of the Atmosphere 
The atmosphere is a mixture of many different gases, but mostly it consists of molecular 
nitrogen and oxygen (N2 and O2). About 78 % of dry air is nitrogen and about 21 % is oxygen. 
These %ages are expressed on a volume basis. For example, a container holding 1 m3 or 1000 L 
of air (at standard pressure) includes about 780 L of nitrogen and 210 L of oxygen. 
The nitrogen and oxygen combined make up approximately 99 % of the atmosphere. The 
remaining 1 % of clean air is a mixture of several other gases. Most of that remaining 1 % (about 
0.9 %) is the inert gas argon. The rest of it includes carbon dioxide, methane, hydrogen, helium, 
neon, ozone, and numerous other gases in trace (very small) amounts. Figure 2 shows the 
relative amounts of atmospheric gases. It is seen that the "pure" atmosphere is normally a 
mixture of many different substances. 
The relative amounts or concentrations of gases in air can be expressed in terms of part 
per million (ppm) as well as in terms of %age. For example, since 1 % = 10,000 ppm, an oxygen 
level of 21 % in air can also be expressed as 21,000 ppm. Obviously, it is more convenient to 
express that concentration in %. On the other hand, the concentration of carbon dioxide in the 
atmosphere, about 0.034 %, may be more conveniently expressed as 340 ppm. A very wide range 
of concentrations is related to air quality; for instance, natural ozone concentrations can be as low 
as 0.02 ppm. Concentrations of air pollutants are also expressed in terms of mass per unit 
volume. 
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Water vapor is also a normal component of the atmosphere, but the amount may vary 
significantly over time and location . Local climate is a major factor that affects the amount of water 
vapor or moisture in the air. In very humid regions, for example, moisture content may be as high 
as 5 %. Moisture affects air quality in several ways. For instance, as it condenses or evaporates, 
water releases or absorbs heat, which affects atmospheric stability and air circulation patterns. 
Figure 2 - Air Composition 
Also, when atmospheric moisture condenses, fogs are formed; fogs tend to occur more 
frequently in urban areas due to higher levels of particulates, which serve as nuclei for the 
formation of fog droplets. Fogs are typically involved in serious pollution episodes (for example, at 
Donora) because the droplets help the conversion of sulfur oxides into sulfuric acid . Fogs also 
block heat energy from the sun and extend weather circulation patterns that tend to capture the 
pollutants (2). 
Atmospheric Layers 
The full atmosphere extends upward roughly 160 km (100 mi) above the surface of Earth. 
But the mixture of gases just discussed refers only to the troposphere the lowest surface layer of 
the atmosphere. The troposphere, which is roughly 12 km (8 mi) in depth, contains about 95 % of the 
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Total air mass. It is in this relatively thin layer of air that oxygen-dependent life is sustained, clouds 
are formed, weather patterns develop, and most air pollution problems occur. The density of air 
increases significantly with a decrease in altitude or distance above Earth's surface, and it is for this 
reason that most of the total air mass is in the bottom layer. The "skin of the apple" refers to this life-
supporting layer. Above the troposphere, there is not enough oxygen to support life. 
The layer of air above the troposphere, called the stratosphere, is a stable layer (in terms of 
air circulation patterns) that extends upward from Earth's surface to an altitude of about 50 km (30 mi). 
Even though it is deeper than the troposphere, the stratosphere contains only a small part of the total 
air mass because of its lower air density. It does, however, contain much more naturally occurring 
ozone (03) than the troposphere. 
This stratospheric ozone plays a crucial role as a barrier to harmful ultraviolet (UV) 
radiation from the sun. Layers of the atmosphere existing above the stratosphere include the 
mesosphere, the ionosphere, and the thermosphere. These portions of the atmosphere are 
essentially unaffected by air pollution. 
A basic physical characteristic that distinguishes one atmospheric layer from the next is 
the temperature gradient, that is, the gradual change of air temperature with altitude. For 
example, air temperature normally decreases with increasing altitude in the troposphere, but 
increases with altitude in the stratosphere. This is illustrated in Figure 3. Naturally occurring 
variations in the temperature gradient of the troposphere cause certain weather patterns that 
directly affect air quality (2). 
Effects of Weather 
Air quality at any given location can vary greatly over time, even though the rate of 
emission of pollutants remains relatively constant. This is because the air pollutants are mixed, 
dispersed, and diluted within the troposphere by movement of air masses, both horizontally and 
vertically. (2) 
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Air movements and therefore air quality are very dependent on local as well as regional 
weather conditions. Knowledge of horizontal and vertical circulation patterns is of importance with 
regard to implementation of air pollution survey site selection for new industrial plants, 
establishment of maximum allowable air pollutant emission rates (2). 
I 
i 
Figure 3 - Changing temperature in atmospheric layers with 
regard to altitude 
Horizontal Dispersion of Pollutants 
Horizontal dispersion of air pollutants depends on wind speed and direction: The 
concentration of air pollutants decreases with increasing wind speed because, as the pollutants 
are discharged from the source, they are more rapidly separated and dispersed by the quickly 
moving air. Knowledge of prevailing wind speed and direction in a given locality makes it possible 
to select sites for new industrial facilities or power plants so as to minimize local air pollution effects . 
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Locating such sites downwind of residential areas is preferable, naturally, to upwind location. Wind 
velocity data plotted in a graph called a "wind rose", gives a picture of the speed and direction 
from which the wind tends to come. 
Vertical Dispersion of Pollutants 
In addition to wind patterns and horizontal dispersion, the vertical motion of air is very 
important with regard to air quality. Vertical mixing of air and dispersion of pollutants depends on 
the kind of atmospheric stability prevailing at any given time. The atmosphere is considered to be 
stable when there is little or no vertical movement of air masses and therefore little or no mixing 
and dispersion of pollutants in vertical direction. Air pollution tends to accumulate near the ground 
under stable conditions, and severe pollution episodes may occur. An unstable atmosphere, on 
the other hand, is one in which the air moves naturally in a vertical direction, increasing mixing 
and dispersion of the pollutants. With regard to local or regional air quality, a condition of 
atmospheric instability is preferable to a stable condition. (2) 
Atmospheric stability depends on the rate of change of air temperature with altitude, that 
is, on the temperature gradient (or profile) that may prevail at a particular time and location. 
Normally, air temperatures in the troposphere decrease with increasing altitudes. But the rate at 
which the air temperature drops, called the "environmental lapse rate" which is important with 
regard to atmospheric stability (Environmental lapse rate is also called prevailing or ambient lapse 
rate). To understand the relationships among lapse rates, stability, and vertical mixing, a brief 
discussion of basic atmospheric physics is necessary. (2) 
Atmospheric pressure decreases with increasing height above the ground. As a volume 
or parcel of air rises, it naturally expands and cools, provided that heat energy is not added or withdrawn 
a physical process in which there is no heat transfer is called an adiabatic process. Since a parcel of air 
that is not in immediate contact with the ground is well insulated by its surroundings, it can be assumed 
that naturally occurring expansion (or compression) of air parcels, as they move vertically, is 
adiabatic. (2) 
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Environmental lapse rates are classified as being either strong or weak (superadiabatic or 
subadiabatic), as illustrated in Figure 4. Strong lapse rates are associated with an unstable 
atmosphere, while weak lapse rates are associated with a stable atmosphere. A lapse rate 
characterized by an increase in actual air temperature with increasing altitude is called a 
"temperature inversion" and results in an extremely stable atmosphere. Temperature inversions, 
which effectively prevent the upward mixing and dispersion of contaminants, are usually the major 
causes of air pollution episodes, such as those in Donora and London. In urban areas, air quality will 
decrease rapidly due to the lack of movement caused by an inversion until weather conditions change 
and a superadiabatic lapse rate is restored . (2) 
Adiabatic lapse rate 





Figure 4 - Environmental lapse rate in temperature profile 
Temperature inversions can be caused by a variety of local meteorological conditions, and 
they can occur just about anywhere, but certain geographic conditions can increase their frequency 
and duration; An inversion can be particularly severe, for example, for a community located in a 
valley, which acts as a holding basin or sink for the cold , denser air masses near the ground . Hills 
surrounding the valley tend to block much of the horizontal air motion, thus adding to the lack of 
movement problem. The city of Los Angeles, for example , lies in a mountain-bordered bowl that 
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traps air pollutants during the frequent temperature inversions that occur in Louisville which is 
located in a major river valley. (2) 
Three types of temperature inversions, each associated with a specific weather pattern, 
are "frontal inversions", "subsidence inversions", and "radiation inversions". Frontal inversions 
generally develop at relatively high altitudes when a warm air mass exceeds a cold air mass; they 
are not particularly important with regard to air quality control. Subsidence aversions, however, are 
very important. Although they also develop at relatively high altitudes, subsidence inversions may 
persist for several days or even weeks, especially in the summer months. This inversion is 
caused, as its name implies, when a large warm mass of air subsides over a community (for ex-
ample, Los Angeles). The actual inversion may occur at an altitude of 300 m, for example, while 
the lapse rate below is sub- or superadiabatic. This kind of inversion forms a lid or cap that 
literally traps pollutants and prevents further vertical mixing, as shown in FIGURE 5. The plume 
from a smokestack will abruptly stop rising when it reaches the inversion altitude. If the ambient 
lapse rate below the inversion is superadiabatic, a fumigating condition may develop near ground 
level due to the strong mixing effects. Fumigation results in very high ground-level pollutant 
concentrations. Radiation inversions develop at low altitudes and are caused by the rapid cooling 
of the ground due to radiation, mostly on clear winter nights. The temperature of the air in contact 
with the ground also drops, causing the inversion. Air pollutants emitted during the night are 
trapped and do not disperse until later the next day, when the ground warms sufficiently to break 
the inversion. Fumigating conditions are common during radiation inversions; fortunately, these 
inversions are not long-lasting, although they are frequent. (2) 
Sophisticated mathematical models have been developed to calculate and predict 
ground-level concentrations of pollutants downwind from sources such as smokestacks. Most 
computer programs that relate emissions to air quality use the Gaussian dispersion equation. 
Although the results of the calculations are uncertain, the Gaussian model provides engineers 
and scientists with an analytical tool useful for comparing various pollution control strategies (2). 
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Figure 5 - Temperature Inversions 
Types, Sources, and Effects of Pollutants 
Air pollution may be simply defined as the presence of certain substances in the air in 
high enough concentrations and for long enough duration to cause undesirable effects . "Certain 
substances" may be any gas, liquid , or solid, although certain specific substances are considered 
significant pollutants because of very large emission rates or harmful and unwanted effects . 
"Long enough durations" can be anywhere from a few hours to several days or weeks; on a 
global scale, durations of months and years are of concern. Before considering those substances 
as the major pollutants , it is useful to first consider some of the general distinctions among the 
various types of air contaminants . Implicit in this definition is the assumption that the air pollution 
is anthropogenic, that is, caused by human activities. But air pollution may also result from natural 
causes . In fact, at certain times pollution from natural sources can be far more severe and longer 
lasting than air pollution from human activities. For example, the 1991 volcanic eruption of Mount 
Pinatubo in the Philippines spewed vast quantities of dust and gases into the atmosphere in a 
relatively short period of time. Pollutants from this eruption reached the upper atmosphere and acted as 
sunlight reflectors, causing global temperatures to fall slightly for a few years. Obviously, there is 
not much that can be done to control or regulate these natural occurrences, although there may be 
certain actions that can be taken to mitigate their harmful effects . (2) 
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Another general distinction among air pollutants involves the difference between primary 
pollutants and secondary pollutants. Primary pollutants are emitted directly into the air from a specific 
source, such as a power plant stack. Secondary pollutants, however, are not emitted directly from a source, 
but are formed in the atmosphere by complex chemical reactions involving the primary pollutants and 
sunlight: The sources of primary air pollutants are either mobile (for example, automobiles) or stationary 
(for example, coal-fired electric power generating stations). The distinction between mobile and stationary 
sources of pollutants is important because of the different pollution control tech nology applied to 
each type, as well as the different kinds of contaminants that they emit. (2) 
Air pollution occurs indoors as well as outdoors. Until recently, outdoor or ambient air quality 
problems received most of the attention of scientists, engineers, and regulatory agencies. Two 
kinds of ambient pollutants are regulated under the Clean Air Act: criteria pollutants and 
hazardous air pollutants. According to the National Ambient Air Quality Standards (NMQS) 
under the Clean Air Act, there are five primary pollutants and one secondary pollutant as criteria 
air pollutants. These six pollutants are emitted in relatively large quantities by various sources 
and tend to threaten human health or welfare. Although the discharge of hazardous air pollutants 
is not the same as that of the criteria pollutants, they are considered to be immediately harmful to 
human health (2). 
Criteria Pollutants 
As a result of the Clean Air Act, most of the monitoring of emissions, concentration and 
effects of air pollution have been directed toward the criteria pollutants. The EPA has published 
many volumes of Air Quality Criteria documents, which summarize all of the pertinent literature on 
each of the criteria pollutants. It is from this information that standards have been written. The 
documents are an invaluable source of detailed information. 
Table III summarizes 2005 U.S. Pollutant emissions by source category and compares the 
total to that released in 1970. The emissions correspond to the criteria pollutants, except 
particulates refers to all particulates regardless of size. Also, a class of pollutants known as volatile 
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organic compounds (VOCs) substitutes for ozone. Ozone is a secondary pollutant; that is, it is not 
actually emitted but rather is formed by reactions that take place in the atmosphere. VOCs are 
inputs to the photochemical reactions that produce ozone (5). 
Table III - US Emission Estimates (1012 g/yr) (Source: USEPA 2005) 
Source Particulates SOx NOx VOC CO Lead 
Transportation 12 0.5 11 7 70 0.001 
Stationary source fuel 3.5 12.5 6.5 1.2 8.5 0.0002 
combustion 
Industrial processes 1.8 1.2 1.2 6 2.2 0.001 
Solid waste disposal 0.6 0.0 0.2 0.5 2 0.0001 
Miscellaneous 8 0.0 0.0 1.6 0.0 0.0001 
Total (2005) 25.9 14.2 18.9 16.3 82.7 0.0024 
Total (1970) 18.5 28.4 18.1 27.5 98.7 0.2038 
Carbon Monoxide (CO) 
Carbon Monoxide is a colorless, toxic gas composed of carbon and oxygen. The sources 
which produce this pollutant are from combustion of carbon containing materials such as coal, oil, 
refuse or gasoline. As you see from the table, the major source of CO is coming from 
Transportation. 
Breathing CO affects the oxygen carrying capacity of the blood, because it binds with 
hemoglobin in the bloodstream to form carboxyhemoglobin (COHb). In fact CO has a greater 
affinity to bind with hemoglobin than oxygen; therefore this diminishes the carrying capacity of 
oxygen. CO can be harmful for either human or animals (2). 
Nitrogen Dioxide (NOz) 
N02 is a reddish-brown gas made of nitrogen and oxygen. It is produced when nitric 
oxide (NO) combines with oxygen in the atmosphere. In addition to being a criteria pollutant, 
nitrogen dioxide is also a precursor for ozone and contributes to acid rain. NO which is needed for 
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the formation of N02 is produced during high temperature combustion of fossil fuels in electric 
power generating facilities, industrial operations, automobiles and chemical processing plants. 
Nitrogen dioxide can directly affect a human's health by causing acute bronchitis or 
pneumonia and by causing a lowered resistance to respiratory infections. It also has effect on 
plants to interfere with the chlorosis and make the leaves yellowish. Because of its color, it may 
interrupt human's visibility in polluted air (2). 
Sulfur Dioxide (S02) 
"Sulfur dioxide is a gaseous compound of Sulfur and Oxygen. The main sources are from 
burning of fossil fuels, including fuels used in vehicles, containing sulfur compounds. Sulfur 
dioxide can be transformed into other products such as fine particulate sulfates and sulfuric acid 
mist". 
"The most obvious health effects are irritation and inflammation of body tissues that are 
contacted by the gas. It also constricts air passages making it difficult to breathe. The injury that 
S02 can cause on vegetation occurs between veins and on the margins and produces a bleached 
appearance. It can also reduce level of visibility due to sulfates which are a major component of 
fine particulate matters. It has being said that S02 is suspected to cause acid rain. Acid rain 
causes to decrease the pH of soil and natural waters" (2). 
Particulate Matter (PM2 5 and PM1Ql 
Particulates are made of small particles of solid and liquid material. This term includes 
both solid particles and liquid droplets. Many manmade and natural sources emit PM directly or 
emit other pollutants that react in the atmosphere to form PM. Particles less than 2.5 micrometer 
in diameter are "fine" particulate matters, and particles with the diameter between 2.5 and 10 
micrometer are referred to as "coarse". 
The major sources of PMs are fuel burning, industrial operations, incinerators, agricultural 
tilling and motor vehicles. Both fine and coarse particles can accumulate in respiratory system 
and cause lots of harmful health effects. It can interfere with photosynthesis and plant growth by 
making a film on plant leaves. It also may cause degradation of property which can be costly for 
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cleaning and maintaining. The same as S02 and N02, it will reduce visibility by scattering visible 
light (2). 
Ozone is a colorless, odorless gas formed when nitrogen oxides (from fuel burning 
sources like automobiles, electric utilities and industrial boilers) and volatile organic compounds 
(from sources such as gasoline, paints and solvents) react in the presence of sunlight. These two 
categories of pollutants are also referred to as ozone precursors. The formation of ozone is 
dependent on the volume of air available for dilution, air temperature and the amount of sunlight 
(2). 
Ozone can irritate the respiratory system, reduce lung function, and make breathing 
difficult. Children and elder people are even at the greater risk, because their respiratory systems 
are so sensitive. Ozone will accelerate the aging of many materials like making erosion in paints. 
This is a toxic gas; therefore it has many harmful effects on plants and trees. The most common 
symptom of ozone on leafy plants is small flecks visible on the upper leaf surface (2). 
Lead (Pb) 
Lead is in the fourth column of the periodic table of elements. Its atomic number is 82. 
Lead compounds can exist in the forms of gases or particles in the atmosphere. The major 
sources are leaded gasoline, lead-based paints and industrial processes. (2) 
It has many harmful health effects on the nervous, kidney and cardiovascular systems. It 
may also cause severe reaction such as brain diseases. Because of reducing leaded gasoline 
and removal of lead from soldered cans, the lead emissions declined 78% between 1976 and 
1980 and from 1988 to 1991 (2). 
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Hazardous Air Pollutants (HAPs) 
Air pollutants that pose a threat to human health are called air toxics or hazardous air pollutants 
(HAPs). The risks are greatest for people living in polluted cities and environments. Hazardous air pollution 
increases the occurrence of cancer and other harmful health effects and also associates with 
widespread environmental harm. While emission of the criteria pollutants is steady and gradual, 
there is the possibility for hazardous air pollutants to be released in sudden and often catastrophic 
accidents. As mentioned before, one of these catastrophic accidents is the 1984 event at a pesticide 
factory in Bhopal, India, where cyanide gas released into the air and killed approximately 20,000 
people and injured 120,000. Though, not as severe as the incident in Bhopal, there are hundreds of 
instances each year in the United States in which extremely hazardous substances are released into the air 
accidentally (2). 
The air toxics program was established by the Clean Air Act Amendments of 1990 for pollution 
prevention in industry. A list of 188 toxic air pollutants has been created, along with a 1 O-year schedule for 
setting standards for all for pollution prevention in industry. Industries will be required to install the 
best control technologies that are achievable to meet the new standards. It is expected that this 
10-year regulatory effort will reduce emissions of hazardous air pollutants by more than 1 million 
tons per year in the United States. 
Approximately, 70% of these hazardous air pollutants are volatile organic compounds 
(VOCs). One source of VOCs emissions is a Water and Wastewater Treatment plant, but it may 
not be as high emission as other major sources. In most water and wastewater treatment plants, 
Thermal Oxidizers are used to remove many toxic gases from the air and water stream, where 
the air stream is heated to gas temperatures several hundred degrees Fahrenheit above 
"autoignition temperatures" of organic compounds that need to be oxidized. The fuel used to 
produce the necessary amount of heat is digester gas. However, it can be fueled with natural gas. 
The digester gas contains about 65 to 70 % CH4 by volume, 25 to 30 % CO2 , and small amounts 
of N2, H2, H2S, water vapor, and other gases. The two main gases, CH4 and CO2, are 
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Greenhouse Gases (GHGs); therefore, discharging digester gas is a significant contributor to 
global pollution. Using digester gas is more economical than natural gas, because natural gas 
prices now are four to five times more than 10 years ago. Digester gas is actually natural gas, just 
very "young natural gas". 
Digester gas is a by-product of anaerobic digestion in wastewater treatment plants. Major 
application of anaerobic digestion is in the stabilization of concentrated sludge produced from the 
treatment of wastewater and in the treatment of some industrial wastes. Aerobic digestion needs 
to supply oxygen to the sludge. In anaerobic digestion, the sludge is fed into an air-free vessel; 
the digestion produces a gas which is mostly a mixture of methane and carbon dioxide (13, 14). 
VOC emissions from wastewater treatment plants are possibly due to incomplete ignition 
of some toxic gases in the air stream and emissions from fueling of digester gas. Some of these 
harmful gases are briefly described below. The reason which these are more concerning than 
others in this study will be discussed later in Chapter IV: 
1! 3 - Butadiene 
'This is a simple conjugated diene with the formula C4H6 and the molecular weight is 
54.09 g/mol. 1 ,3-Butadiene is a colorless gas with a mild gasoline-like odor. The odor threshold 
for 1 ,3-butadiene is 1.6 parts per million (ppm). The vapor pressure for 1 ,3-butadiene is 2100 mm 
Hg at 25°C, and it has an octanol/water partition coefficient (log Kow) of 1.99" (13). 
"Human studies show that acute exposure to 1 ,3-butadiene by inhalation results in 
irritation of the eyes, nasal passages, throat, and lungs. Neurological effects, such as blurred 
vision, fatigue, headache, and vertigo, have also been reported at very high exposure levels. One 
epidemiological study reported that chronic (long-term) exposure to 1 ,3-butadiene via inhalation 
resulted in an increase in cardiovascular diseases, such as rheumatic and arteriosclerotic heart 
diseases, while other human studies have reported effects on the blood. Animal studies have 
reported effects on the respiratory and cardiovascular systems, blood, and liver from chronic 
inhalation exposure to 1,3-butadiene. EPA has established a Reference Concentration (RfC) for a 
chronic reference level of 0.002 milligrams per cubic meter (mg/m3) (0.9 ppb) for 1,3-butadiene 
based on reproductive effects in mice. The RfC is an exposure concentration at or below which 
adverse health effects are not likely to occur" (13). 
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Carbon Disulfide 
"The chemical formula for carbon disulfide is CS2 , and its molecular weight is 76.14 
g/mol. The pure carbon disulfide occurs as a colorless liquid that is not very soluble in water; 
impure carbon disulfide is yellowish. Carbon disulfide evaporates rapidly at room temperature and 
is flammable. It has a sweet, pleasant, chloroform-like odor, with an odor threshold of 0.05 
mg/m3. Commercial grades of carbon disulfide have a foul odor, smelling like rotten eggs. The 
vapor pressure for carbon disulfide is 352.6 mm Hg at 25°C, and its log octanol/water partition 
coefficient (log Kow) is 1.84 to 2.16" (14). 
"Acute inhalation exposure of humans caused changes in breathing and some chest 
pains during an accidental release of carbon disulfide. Nausea, vomiting, dizziness, fatigue, 
headache, mood changes, lethargy, blurred vision, delirium, and convulsions have also been 
reported in humans acutely exposed by inhalation. Neurotoxic effects have been observed in 
chronic human and animal inhalation studies. Behavioral and neurophysiological changes, 
reduced nerve conduction velocity, peripheral neuropathy, and polyneuropathy have been 
observed in chronically exposed workers. The Reference Concentration for carbon disulfide is 0.7 
milligrams per cubic meter (mg/m3) based on neurological effects in humans. The Reference 
Dose for carbon disulfide is 0.1 milligrams per kilogram body weight per day (mg/kg/d) based on 
fetal toxicity/malformations in rabbits" (14). 
1, 4 - Dichlorobenzene 
"The chemical formula for 1 ,4-dichlorobenzene is C6H4CI2 and the molecular weight is 
147.02 g/mol. It is a white solid with a sweet taste and a strong odor. The odor threshold for 1,4-
dichlorobenzene is 0.18 parts per million (ppm). The vapor pressure for 1 ,4-dichlorobenzene is 
1.76 mm Hg at 25°C, and it has a log octanol/water partition coefficient of 3.52" (15). 
"Acute exposure to 1 ,4-dichlorobenzene via inhalation in humans results in irritation to 
the eyes, skin, and throat. Animal studies have reported effects on the blood, liver, and kidneys 
from oral exposure to 1,4-dichlorobenzene. Chronic exposure to 1 ,4-dichlorobenzene by 
inhalation in humans results in effects on the liver and skin. Animal studies have reported effects 
on the respiratory system, liver, and kidneys from inhalation exposure to 1,4-dichlorobenzene, 
while oral studies have reported effects on the blood, liver, and kidneys. The Reference 
Concentration for 1 ,4-dichlorobenzene is 0.8 milligrams per cubic meter (mg/m3) based on 
increased liver weights in rats. EPA has not established a Reference Dose for 1,4-
dichlorobenzene" (15). 
Methylene Chloride 
"A common synonym for methylene chloride is dichloromethane. Methylene chloride is a 
colorless liquid with a sweetish odor. The chemical formula for methylene chloride is CH 2CI2, and 
the molecular weight is 84.93 g/mol. The vapor pressure for methylene chloride is 349 mm Hg at 
20°C, and it has an octanol/water coefficient (log Kow) of 1.30. Methylene chloride has an odor 
threshold of 250 parts per million (ppm). Methylene chloride is slightly soluble in water and is 
nonflammable" (16). 
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"Case studies of methylene chloride poisoning during paint stripping operations have 
demonstrated that inhalation exposure to extremely high levels can be fatal to humans. The major 
effects from chronic inhalation exposure to methylene chloride in humans are effects on the CNS, 
such as headaches, dizziness, nausea, and memory loss. Animal studies indicate that the 
inhalation of methylene chloride causes effects on the liver, kidney, CNS, and cardiovascular 
system. EPA has calculated a provisional Reference Concentration of 3 milligrams per cubic 
meter (mg/m3) based on liver effects in rats. The Reference Dose for methylene chloride is 0.06 
milligrams per kilogram body weight per day (mg/kg/d) based on liver toxicity in rats" (16). 
Methyl Ethyl Ketone 
"The chemical formula for methyl ethyl ketone is C4HsO and the molecular weight is 
72.10 g/mol. Methyl ethyl ketone is a colorless volatile liquid that is soluble in water. The odor 
threshold for methyl ethyl ketone is 5.4 parts per million (ppm), with an acetone-like odor 
reported. The vapor pressure for methyl ethyl ketone is 95.1 mm Hg at 25 °C, and it has a log 
octanol/water partition coefficient (log Kow) of 0.261. Methyl ethyl ketone is also referred to as 2-
butanone" (17). 
"Acute exposure of humans to high concentrations of methyl ethyl ketone produces 
irritation to the eyes, nose, and throat. Other effects reported from acute inhalation exposure in 
humans include central nervous system depression, headache, and nausea. Limited information 
is available on the chronic effects of methyl ethyl ketone in humans from inhalation 
exposure. One study reported nerve damage in individuals who sniffed a glue thinner containing 
methyl ethyl ketone and other chemicals. Slight neurological, liver, kidney, and respiratory effects 
have been reported in chronic inhalation studies of methyl ethyl ketone in animals. The Reference 
Concentration for methyl ethyl ketone is 1 milligram per cubic meter (mg/m3) based on decreased 
fetal birth weight in mice. The Reference Dose for methyl ethyl ketone is 0.6 milligrams per 
kilogram body weight per day (mg/kg/d) based on decreased fetal birth weight in rats" (17). 
Natural Gas 
Natural gas is an important source of energy to reduce pollution and having clean and 
healthy air. In addition to being a domestically abundant and secure source of energy, the use of 
natural gas also offers a number of environmental benefits over other fossil fuels. This section will 
discuss the environmental effects of natural gas, in terms of emissions and the environmental 
impact of the natural gas industry itself. (18) 
Natural gas is the cleanest among all fossil fuels. Composed mainly of methane, the 
products of the combustion of natural gas are carbon dioxide and water vapor, the same 
compounds we exhale when we are breathing. Table IV shows the typical composition of natural 
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gas. Coal and oil are composed of more complex molecules, with a higher carbon ratio and 
containing higher nitrogen and sulfur molecules. This means at combustion, coal and oil release 
higher levels of harmful gases, including a higher ratio of carbon emissions, nitrogen oxides, and 
sulfur dioxide. Coal and fuel oil also release ash particles into the atmosphere. (18) 
Table IV - Typical Composition of Natural gas (18) 
Compound Chemical Formula Volume 
Methane CH4 70-90% 
Ethane C2H6 
Propane C3Hg 0-20% 
Butane C4HlO 
Carbon Dioxide CO2 0-8% 
Oxygen O2 0-0.2% 
Nitrogen N2 0-5% 
Hydrogen sulphide H2S 0-5% 
Rare gases A, He, Ne, Xe trace 
However, the combustion of natural gas releases very small amounts of sulfur dioxide 
and nitrogen oxides, no ash or particulate matter, and lower emissions of carbon dioxide and 
carbon monoxide. TABLE V shows each fossil fuel emission levels. (18) 
Table V - Fossil Fuel Emission Levels (Ib per 106 Btu of Energy Input) 
Pollutant Natural gas Oil Coal 
Carbon Dioxide 117,000 164,000 208,000 
Carbon Monoxide 40 33 208 
Nitrogen Oxides 92 448 457 
Sulfur Dioxide 1 1,122 2,591 
Particulates 7 84 2,744 
Mercury 0.000 0.007 0.016 
(Source: Energy InformatlOn AdmmlstratlOn, 1998) 
The use of fossil fuels for energy causes a number of environmental problems. Natural 
gas can be used to help reduce the emissions of pollutants into the atmosphere. Burning natural 
gas in the place of other fossil fuels emits fewer harmful gases into the atmosphere. (18) 
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One issue that has arisen with regard to natural gas and the greenhouse gas (GHG) 
effect is the fact that methane, the main component of natural gas, is itself a very potent 
greenhouse gas. Methane has an ability to trap heat almost 21 times more effectively than carbon 
dioxide. According to the Energy Information Administration, although methane emissions 
account for only 1.1 % of total U.S. greenhouse gas emissions, they account for 8.5 % of the 
greenhouse gas emissions based on global warming potential. The sources for methane 
emissions in the United States include the waste management and operations industry, and the 
agricultural industry. (18) 
"A major study performed by the EPA and the Gas Research Institute (GRI) in 1997 
sought to discover whether the reduction in carbon dioxide emissions from increased natural gas 
use would be offset by a possible increased level of methane emissions. The study concluded 
that the reduction in emissions from increased natural gas use strongly outweighs the detrimental 
effects of increased methane emissions." (18) 
"Acid rain is another environmental problem that affects much of the Eastern United 
States, damaging crops, forests, wildlife populations, and causing respiratory and other illnesses 
in humans. Acid rain is formed when sulfur dioxide and nitrogen oxides react with water vapor 
and other chemicals in the presence of sunlight to form various acidic compounds in the air. The 
principal source of acid rain causing pollutants, sulfur dioxide and nitrogen oxides, are coal-fired 
power plants. Since natural gas emits virtually no sulfur dioxide, and up to 80 % less nitrogen 
oxides than the combustion of coal, increased use of natural gas could provide for fewer acid rain 
causing emissions" (18). 
"Natural gas can be used in the transportation sector to cut down on these high levels of 
pollution from gasoline and diesel powered cars, trucks, and buses. In fact, according to the EPA, 
compared to traditional vehicles, vehicles operating on compressed natural gas have reductions 
in carbon monoxide emissions of 90 to 97 %, and reductions in carbon dioxide emissions of 25 
%. Nitrogen oxide emissions can be reduced by 35 to 60 %, and other non-methane hydrocarbon 
emissions could be reduced by as much as 50 to 75 %. In addition, because of the relatively 
simple makeup of natural gas in comparison to traditional vehicle fuels, there are fewer toxic and 
carcinogenic emissions from natural gas vehicles, and virtually no particulate emissions" (18). 
Global Air Pollution 
Air pollution cannot be necessarily limited to a local or regional scale. Atmospheric 
circulation causes pollution problems to get distributed around the world. Some air pollutants are 
potent to associate with climate changes of earth; therefore, international actions are needed to 
restrict their impacts (2). 
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The two types of compounds involved in global climate change are those that produce 
free halogen atoms by photochemical reaction which deplete the stratospheric ozone layer, and 
those that absorb energy in the near infrared region, which may ultimately produce global 
temperature change (Global Warming) (3). Global warming means the average surface 
temperature of the earth is increasing globally. Actually, the decade of the 1990s was the 
warmest decade ever recorded, and this trend of increasing seems to be continuing (2). 
The first group mentioned above is comprised mostly of chlorofluorocarbons (CFC), 
hydrofluorocarbons (HFC), and perfluorocarbons (PFC). Control of these gas emissions involves 
control of leaks, as from refrigeration systems, and eliminating use of the substances. While 
chlorofluorocarbon aerosol propellants are useful and convenient, they are not necessary for 
most applications. For example, aerosol deodorant, cleaners, paint, and hairspray can be 
replaced by roll-on deodorant, wipe-on cleaners, rolled-on paint, hair mousse (10). 
These gases are forms of Greenhouse Gases (GHGs). According to the definition in 
Section 202(a) of the Clean Air Act of the USEPA, there are six greenhouses gases: carbon 
dioxide, methane, nitrous oxide, HFC, PFC, and sulfur hexafluoride. These gases can result from 
human activities, which are known as anthropogenic greenhouse gases, and can be produced 
naturally and are known as natural greenhouse gases. These six GHGs have common physical 
properties with regard to the climate change problem: all are long-lived in the atmosphere; all can 
be well mixed globally regardless of where emitted; all trap heat from the sun; and all are directly 
emitted as greenhouse gases rather than being formed as greenhouse gas in the atmosphere 
after emission of precursor gas. Carbon dioxide is the dominant gas among all greenhouse 
gases. 
Air Pollution Control 
The need to minimize or control air pollution has been evident for several hundred years. 
Today, it is obvious that smoke can be more than just a temporary hurt; smoke and other air 
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pollutants affect health and quality of life, esthetic sensibilities, and even climate on a global 
scale. In a modern industrial society, it is hard to avoid generating at least some waste products 
that will enter the atmosphere, in one way or another. All in all pollution control strategies, laws, 
and air quality standards are necessary; and logical principles of engineering and technology 
must be directed toward the development and use of pollution control equipment (2). 
Air Sampling and Measurement 
To evaluate air quality and design an efficient air pollution control system, emission rates 
must be determined from the sources and analyze the type and amounts of pollutants in the gas 
and surrounding air. Before such measurements can be done, appropriate samples must be 
collected. The quantification and evaluation of air quality involves accurate determination of 
pollutant concentrations, which are typically expressed as a ratio of the mass of the pollutant to 
the volume of air or gas in which it is found. 
Measurement of mass is primarily made in an analytical laboratory, while determination 
of volume is usually measured in the field at the time of sampling. There exist hundreds of 
methods and types of instruments that can measure pollutant mass. Some instruments require a 
few milligrams of pollutant for accurate analysis, while others can detect and accurately measure 
very small amounts, even in the range of a few molecules. There are possibly also many methods 
and devices for measuring volume, velocity, flow rate. The choice of a technique for sampling and 
measuring the mass and volume depends on the properties of the sampled gas or air and the 
specification of the pollutants to be analyzed. 




Source (or emission) sampling can be done at the location of a pollutant discharge, such 
as the exhaust gas from a chimney of any factory, ventilation system, or the tailpipe of an 
automobile. Source sampling is also termed "stack sampling" at power plant, wastewater 
treatment plant, or factories where the discharge comes from a chimney or smokestack (2). 
Ambient Sampling 
Ambient (or atmospheric) sampling is suitable for the measurement of outdoor air 
pollution levels. Samples are collected from air after pollutants from various sources have been 
completely dispersed and mixed together under natural conditions. Ambient sampling provides 
broad areas or background air quality data in urban or rural areas, and uses as a basis for 
assessing health effects, determining compliance with federal or state ambient air quality 
standards, and can predict the effects of proposed new sources of air pollution (2). 
Indoor Sampling 
Indoor air sampling is a kind of industrial and residential health sampling. Industrial 
hygiene air sampling is made in factories or other workplaces to protect the health of people who 
may be exposed to pollutants in the whole workday. Residential air sampling, on the other hand, 





To capture a valid sample at the RTO of the Morris Forman Wastewater Treatment Plant, 
first it was determined which sampling ports could provide a representive sample of atmospheric 
emissions. For safety reasons , ports were installed to allow sampling to occur at ground-level, 
avoiding , the need to use a ladder with the inherent safety risks . SilcoCan Canisters were used to 
store the samples to transport them easily to the laboratory and analyze them . Figure 6 shows 
the type of SilcoCan Canisters used. 
It has the following features : 
Figure 6 - SilcoCan Canister ("stable to 250 
C, Volume of 6 L, and valve of ~ inch") 
• High quality, metal-to-metal seal , 2/3-turn valve with stainless steel diaphragms. 
• Various sizes to support a wide range of sampling needs. 
• 2-port or 3-port valve available; 3-port valve includes -30" Hg/60psi vacuum/pressure gauge. 
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• Unsurpassed inertness, even for sulfur-containing or brominated compounds. 
The white tube (1/4 inch internal diameter, Tygon tubing) was used to connect the canisters to the 
port of the sampling. Figure 7 shows how to set the sampling up. 
Figure 7 - Sampling set up 
Two types of samples were retrieved: one under "Normal Condition" where the system 
was operated by digester gas, the second type of sample was captured when the system was 
operated by natural gas. In each case 15 to 20 minutes were allowed for sampling. In order to 
allow for removal of digester gas from the process, a 5 to 10 minute delay was allowed between 
the two sampling modes. 
First a total of 12 samples were collected, six of which, were from digester gas and the 
other six were from natural gas operations on Train # 4 and # 1. These samples were taken over 
five days, including four consecutive days between December 14 to 18, 2009. Then because of 
some abnormality (like high concentrations of some chemicals in first and/or second events rather 
than other events, or some chemicals just showed up in one or two events) in this data, another 
six samples were captured to get a reliable result. Out of the secondary sampling events, the first 
two events were done on two different Trains . This means that due to some operational conflict in 
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those days, digester gas samples were captured from Train # 1 and natural gas samples were 
captured from Train # 4. But for the last event, two samples were made using the same 
procedure as primary sampling (they were retrieved from Train # 4). Also for quality assurance, 
one field blank sample was captured on the first event of secondary sampling. Table VI shows the 
Sampling events information. See Appendix B for extended information on the samples chain of 
custody. 
Table VI - Sampling events information 
Sampling Canister # Pre- Post- Sampling Site Analysis 
Date Sampling Sampling Date 
Pressure Pressure 
(mmHg) (mmHg) 
6458 50 820 Natural gas, RTO Train # 4, MSD 12111/09 
12/04/09 
6455 50 820 Digester Gas, RTO Train # 4, MSD 12111109 
2167 50 800 Natural gas, RTO Train # 4, MSD 12/16/09 
12114109 
2168 50 800 Digester Gas, RTO Train # 4, MSD 01/04110 
2165 50 830 Natural gas, RTO Train # 4, MSD 01104110 
12115/09 
2166 50 820 Digester Gas, RTO Train # 4, MSD 01104110 
2173 50 820 Natural gas, RTO Train # 4, MSD 01104110 
12116/09 
2172 50 830 Digester Gas, RTO Train # 4, MSD 01/04110 
2169 50 800 Natural gas, RTO Train # 4, MSD 01/04110 
12117/09 
2171 50 800 Digester Gas, RTO Train # 4, MSD 01/04110 
2174 50 800 Natural gas, RTO Train # 4, MSD 01104110 
12118/09 
6445 50 800 Digester Gas, RTO Train # 4, MSD 01/04110 
6445 50 830 Natural gas, RTO Train # 4, MSD 03/23110 
02/26110 6437 50 760 Digester Gas, RTO Train # I, MSD 03/23110 
6458 Field Blank 03/23110 
6455 50 830 Natural gas, RTO Train # 4, MSD 03/23/10 
03/05110 
6443 50 810 Digester Gas, R TO Train # 1, MSD 03123110 
6447 50 780 Natural gas, RTO Train # 4, MSD 03/23110 
03112110 
6449 50 790 Digester Gas, RTO Train # 4, MSD 03123110 
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ANALYSIS OF THE SAMPLES 
After taking samples from the plant, they were transferred to the Air Quality Laboratory at 
Ernst Hall. They were analyzed with a Gas Chromatography-Mass Spectrometry (GC-MS) 
instrument (GC System 6890 series) shown Figure 8 and 9. As the name of GC/MS implies, it is 
actually two techniques that are combined to form a single method of analyzing mixtures of 
chemicals . Gas chromatography separates the components of a mixture , and mass spectrometry 
characterizes each of the components individually. By combining the two techniques, it is 
possible to both qualitatively and quantitatively evaluate a solution containing a number of 
chemicals . 
"GC-MS can be applied in environmental analysis, fire investigation, 
explosives investigation drug detection, and identification of some unknown samples. Another 
important GC-MS application is to be used in airport security to detect substances in luggage or 
on human bodies. Also it can identify trace elements in materials that were previously thought to 
have disintegrated beyond identification" (21). 
"The GC-MS has been widely heralded as a "gold standard" for forensic substance 
identification because it is used to perform a specific test. A specific test positively identifies the 
actual presence of a particular substance in a given sample. A non-specific test merely indicates 
that a substance falls into a category of substances. Although a non-specific test could 
statistically suggest the identity of the substance, this could lead to false positive identification" 
(21). Figure 9 shows the schematic of GC-MS works . 
Sample 
injector 








Figure 8 - The schematic view of GC-MS 
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Figure 9 - GC System 6890 series 
These series of instruments are very sensitive to highly polluted and molecular weight 
compounds; before any sampling, one sample was retrived to get the idea of how much dilution is 
needed for samples analysis . After that, it was decided that the samples need to be diluted 30 
times with helium gas. 
There are two methods for the determination of toxic volatile organic compounds (VOCs) 
in air samples. These two methods are Method TO-14A and Method TO-15. Method TO-15 is 
applicable to a subset of the 87 volatile organic compounds (VOCs) that are from the list of 189 
hazardous air pollutants (HAPs) included in Title III of the Clean Air Amendments. By employing 
water management steps, this method reduces the loss of water-soluble VOCs. Because of this, 
the analysis list includes polar and non-polar VOCs. In general , Method TO-15 provides 
information on alternative water management systems that allow for the analysis of polar 
compounds , has a more complete quality control section, provides performance criteria for any 
monitoring technique employed, and provides guidance specifically directed at compound 
identification by mass spectrometry. Table VII shows each method's specification. 
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Table VII - Method TO-14A and Method TO-15 Specifications (Source: USEPA) 
Method Specifications TO-I4A TO-I5 
Non-polar VOCs (e.g., toluene, benzene) x x 
Polar VOCs (e.g., methanol, alcohols, ketones) - x 
GC/MS instrumentation x x 
Sample collection by prepared canister (holding time = 30d) x x 
Sample collection by sorbent tube x x 
Water management techniques (avoid loss of polar compds) - x 
Enhanced provisions for quality control - x 
Method performance criteria - x 
Selected Ion Monitoring (SIM) - x 
Specific Cleaning procedures - x 
Air sample concentrated onto solid sorbent trap x x 
Use of other detectors for GC (e.g., GC/MD) x -
Detection Limit 0.2 - 25 ppbV x x 
Method TO-15 was selected for this analysis because of the need for an expanded 
analysis list (especially polar compounds), the need for special canister considerations, and the 
need for specified quality control tools (method performance criteria for acceptance of data) 
(EPA, Report # 625/R-96-010b). 
Analysis dates were mentioned in Table V. The data from GC-MS will be presented and 
the limitations on the accuracy of the data and how it may contribute to some of the variability will 
be explained later in Chapter IV. 
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CHAPTER IV 
DATA AND RESULTS 
The data from Gas Chromatography and Mass Spectrometry are in ppb. In order to 
compare with Inhalation Reference Concentration (RfC), data in both ppb and IJg/m3 are needed. 
Based on each chemical's molecular weight and Ideal gas constant, R, all concentrations were 
converted to IJg/m3. Based on the formula below, it can be converted to IJg/m 3: 
C2 * MW 
C1 =--R--
Where 
C1 = Concentration of the compound (lJg/m 3 ) 
C2 = Concentration of the compound (ppb) 
MW = Molecular Weight 
R = Ideal Gas Constant at 22 Oeg. C = 24.205 
For instance, the concentration of 1, 3 - Butadiene in the digester gas sample of Event # 
3 is 36.42 ppb. By plugging in the numbers to the formula, the concentration is 81 IJg/m 3• 
Totally, 24 chemicals have been found in the samples. Table VIII and IX show the 
chemical's concentration in each sampling event. All units are IJg/m 3 . 
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Table VIII - Tabular form of data from Event 1 to Event 4 (All unit in I-Ig/m\ 
COMPOUND MW DGI NGI DG2 NG2 DG3 NG3 DG4 NG4 
1,4 Ditluorobenzene 114 19 19 19 19 19 19 19 19 
Chlorobenzen-d5 112.56 19 19 19 19 19 19 19 19 
Bromochloromethane 129.39 24 24 23 23 22 23 21 22 
P-Bromotluorobenzene 174 28 28 28 30 31 29 29 29 
Chloromethane 64.52 II 0 0 14 18 21 14 II 
I, 3 - Butadiene 54.09 84 16 22 108 81 102 14 13 
Acetone 58 354 357 215 660 553 850 500 615 
Carbon Disulfide 76.14 14 21 6 18 17 10 14 14 
Methyl Ethyl Ketone 72.1 304 73 46 151 135 206 120 135 
Benzene 78.1 77 80 39 178 140 191 154 142 
Toluene 100.19 16 18 II 57 37 66 45 45 
I, 4 - Dichlorobenzene 147.01 45 22 0 0 0 0 0 0 
Methylene Chloride 84.94 0 0 II 12 10 10 0 9 
Naphthalene 128.16 0 0 12 32 23 10 16 35 
Methyl Butyl Ketone 100.16 0 0 0 0 7 17 0 0 
Xylene (m orp) 106.17 10 0 0 10 0 9 0 0 
Chlorobenzene 112.56 0 0 0 0 0 6 0 0 
Styrene 104.16 0 0 0 0 0 7 0 0 
Freon 22 86.47 0 0 0 0 0 0 0 0 
Methyl Methacrylate 100.12 0 0 0 0 0 0 0 0 
Ethylbenzene 106.17 0 0 0 0 0 0 0 0 
Hexane 86.18 0 0 0 0 0 0 0 0 
O-Xylene 106.17 0 0 0 0 0 0 0 0 
1,2,4-TrimethyIBenzene 120.2 0 0 0 0 0 0 0 0 
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Table IX - Tabular form of data from Event 5 to Event 9 (All unit in I-lg/m\ 
DG NG DG NG DG NG DG NG DG NG 
COMPOUND MW 5 5 6 6 7 7 8 8 9 9 
I, 4 Difluorobenzene 114 19 19 19 19 19 19 19 19 19 19 
Chlorobenzen-d5 112.56 19 19 19 19 19 19 19 19 19 19 
Bromochloromethane 129.39 21 22 23 21 23 22 22 22 22 23 
P-Bromofluorobenzene 174 30 30 27 29 29 30 32 30 32 31 
Chloromethane 64.52 9 2 10 7 58 15 75 60 10 40 
I, 3 - Butadiene 54.09 25 II 21 9 78 0 157 165 75 116 
Acetone 58.08 425 313 348 354 961 639 1319 927 447 940 
Carbon Disulfide 76.14 9 5 7 5 18 15 25 20 15 36 
Methyl Ethyl Ketone 72.1 94 51 77 43 383 188 349 293 213 358 
Benzene 78.1 122 50 98 45 220 176 296 270 191 355 
Toluene 100.19 32 14 22 13 74 49 122 83 67 146 
I, 4 - Dichlorobenzene 147.01 0 0 0 0 31 17 41 37 51 53 
Methylene Chloride 84.94 0 9 II 0 15 0 12 16 II 13 
Naphthalene 128.16 41 36 10 23 6 12 0 15 22 34 
Methyl Butyl Ketone 100.16 0 0 0 0 9 0 15 12 0 14 
Xylene (m orp) 106.17 0 0 0 0 0 0 0 0 0 0 
Chlorobenzene 112.56 0 0 0 0 10 8 19 II II 25 
Styrene 104.16 0 0 0 0 0 0 12 8 9 14 
Freon 22 86.47 0 0 0 0 0 37 0 0 0 0 
Methyl Methacrylate 100.12 0 0 0 0 6 0 10 0 0 0 
Ethylbenzene 106.17 0 0 0 0 5 0 8 5 0 10 
Hexane 86.18 0 0 0 0 0 0 4 0 0 0 
O-Xylene 106.17 0 0 0 0 0 0 8 0 0 6 
1,2,4-TrimethylBenzene 120.2 0 0 0 0 0 0 0 0 0 8 
Discussion 
In the RTO, any volatile organics have been treated during the process and what is sampled 
at the outlet seems safe. From the tables above, it can be observed tha some chemicals like 
Xylene only have been in a few sampling events, and some others (with regard to their RfC 
value) like Naphthalene, have a low concentration that are of no concern for health issues 
because they don't have a considerable risk to health. Because of that, these chemicals can be 
neglected. The chemicals which were not neglected are: 
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1. 1, 3 - Butadiene; 
2. Carbon Disulfide; 
3. 1, 4 - Dichlorobenzene; 
4. Methylene Chloride; 
5. Methyl Ethyl Ketone. 
The physical and chemical properties of these hydrocarbons have been described briefly in 
chapter II. Based on U.S. EPA researches, these chemicals have the Inhalation Reference 
Concentrations (RfC) (shown in Table X), the concentrations which are likely to be without risk of 
deleterious non-cancer effects during a lifetime. The average concentration of nine events, for 
both digester gas and natural gas samples, for all chemicals were calculated except for 1, 4 -
Dichlorobenzene and Methylene Chloride. For 1, 4 - Dichlorobenzene, the average of four 
events, which it showed up in the samples, was calculated; and for Methylene Chloride, the 
average of eight events was calculated. 
The Detection Limits and the Confidence Interval (95% Confidence Level) of these five 
chemicals are shown in the Table X. Detection Limit is the lowest quantity of a substance that can 
be distinguished from the absence of that substance: 
Table X - RfC, Average concentration and MOL for five chemicals 
RfC A vg concentration 95% Detection 
(Source: (llg/
m3) Confidence Interval Limit 
Chemical EPA) 
NG DG NG DG (llg/m3 ) (llg/m3) 
1, 3 - Butadiene 2 60 62 19 - 101 32 - 92 0.23 
Carbon Disulfide 700 16 14 13 - 19 10 - 18 0.33 
1, 4 - Dichlorobenzene 800 32 42 21 - 43 37 - 47 0.63 
Methylene Chloride 3000 9 9 5 - 13 7 - 11 0.36 
Methyl Ethyl Ketone 1000 17 19 96 - 236 109 - 273 0.29 
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Observation 
As can be observed from the table above, except for 1, 3 - Butadiene, all other 
hydrocarbon concentrations are below the RfC values . The graphs of concentration in each event 
for these five chemicals are presented in Figure 10 to 14. As they show, in the last two or three 
events the concentrations are high among all sampling events; it is possibly because of 
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Figure 10 - Graph of concentrations for 1,3 - Butadiene 
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Figure 11 - Graph of concentrations for Carbon Disulfide 
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Figure 12 - Graph of concentrations for Methyl Ethyl Ketone 
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Figure 14 - Graph of concentrations for Methylene Chloride 
MOL = 0.36 !-Ig/m3 , RfC = 3000 !-Ig/m3 
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As mentioned before and can be observed from these graphs, the concentrations of these 
five chemicals are high in last the two to three events. And 1,4 - Dichlorobenzene only showed 
up in four events. Also the concentrations of these five chemicals in Events 4, 5, and 6 are lower 
than in other events. Such variability can be observed from these graphs and caused by some 
limitations in sampling and analysis procedures. These limitations can be: 
1. 10 to 15 minutes time for purging the regenerative thermal oxidizer to change the mode 
from digester gas to natural gas feeding, 
2. Having some residual solids and semisolids on the canister valve after sampling in 
Events 7, 8, and 9. Effort was made to avoid carryover of these semi-solids into the 
analysis; but within ppb concentrations, it is hard to avoid perfectly. 
3. Measuring the samples once, more measurements make more accuracy, 
4. Measurement of samples based on 1 :30 dilution factor, 
5. Accuracy of TO-15 methodology for measurement which is + or - 25% (EPA approved), 
6. Possibility of the existence of some VOC residue in the tube used for the connection of 
the sampling port to canister valve, 
7. Possibility of the existence of some VOC residue in the canisters remained after cleaning 
them for reuse for subsequent events, 
8. Sampling in one season of the year; sampling in different weather conditions may be 
more accurate, 
9. Sampling from one port at the outlet of gases. Sampling from different ports leads to have 
more accuracy. 
It should be pointed out that based on the typical composition of natural gas which is shown 
in Table IV (Chapter II, Page 23), theoretically after the combustion of natural gas, the typical 
gases which should be at the outlet of RTO are water vapor, carbon dioxide, and carbon 
monoxide. Therefore, the gases, which were found in the natural gas samples in this study, might 
result from the residuals of digester gas burning at the combustion chamber of the RTO. In order 
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to address this issue, it may be necessary to allot more than 10 minutes for purging the residual 




Based on the current study, the result showed there is not much difference between natural gas 
emission and digester gas emission (as shown in Table X, Chapter IV, and Page 37). In the same 
table, it was showed that all chemicals concentrations are below RfC value except for 1, 3 -
Butadiene. 
Use of digester gas instead of natural gas proves to be an economical move without causing any 
harmful emission. Digester gas as a by-product of water and wastewater treatment is an 
economical source of energy that can be utilized to greatly reduce operating costs for wastewater 
treatment facilities. And there is no need to dispose this of by-product. This possible source of 




To further validate the result obtained in this study, further research similar to current research is 
recommended. In addition to the limitations and observations mentioned in Chapter IV, it is 
recommended to try to sample from various water and wastewater treatment plants, send the 
captured samples to different laboratories for analysis, use a better tube for connection of 
canisters to the sampling port, and use different types of canisters for sampling. 
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APPENDIX A - SAMPLE CHAIN OF CUSTODY 
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• 
Air Toxics Sample Chain of Custody 
. University (If Louisville Air Quality Laborflt(lry 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 
Canister ID # 
SamplerID # - ----~ 
Circle Sample Type: 14 Hr 
(Gra~t· 
Otber: 
Sampling Event # and Date: I I t.J 1-/011 
Sampling Location: 1111 s.D "'it AIIJT;t- 2" (,"',,~  j 
Pre--SampliDgIDforDliitiOD 
DatelTime Prepared: 
Composite Cleaning File: leo ( f) I{ - I j"".)) 
Instrument Blank File: 
Pressme of Canister: 
'eldData 
Setup By: IMe'; ltv- Collected By: 
StartDateffime: ... 1--------. Stop DatelTime: 
Initial Pressure: .... 1 ____ ~I in Hg ,...-----. i" Final Pressure: I 1 - Hg 
Post-Sampling Informadon 
DateiTime Analyzed: 
GCJMS Sample File: 
Sequence File: 
Pressure of Canister: 






I .... _,_). .... 71-:.1-1 D_Cf __ l _,,_0_-_----11 By: 
I /1>0 -/7'1) I 
I hnHg · .... I ___ -.JlnunHg 
Signature Daterrime Reason for transfer 
Set up for ~amp/i"g 




Air Toxics Sample Chain of Custody 
,University of Louisville Air Quality Lab~ratory 
EmstHall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 
Canister ID # 
---
Circle Sample Type; :Z4 Hr 
E) I;; fY\{,\ 
SampJerID # 
Other: 
Sampling Event # and Date: I #' 2 12 I OL1 / 0 J 
Sampling Location: I.MJP r Vtlf1;f,( 6-"., 'IU-.:# Lf 
Pre-Sampllni Information 
DateITime Prepared: 6/4/07 ~: 0/- I By: I 1----
Composite Cleaning File: I C 06D Y - I ,-: I) I 1;:::::::::=========::" 
Instrument Blank File: I 
Pressure of Canister': 
-FieldD.t. 
Setup By: fYI"G Collected By: 
Start DateITime: I , .. 30 If' Stop DatelTime: ~ : ~ ~ A H\ 
Initial Pressure: I I in Hg 
Post-Sampling Information 
DatelTime Analyzed: 
Final Pressure: I I l::. Hg 
I By: 
GCIMS Sample File: I Y- '; Il,,/()-/I·i) 
Sequence File: 
Pressure of Canister: 
Chain of Custody 
Reeipient(Print) 
I ...... ,.it;;;{ 11dJ)"L-D Z 
'--___ ---Jlin Hg J"2..<) I L..-___ --Imm Hg 
Reason for transfer 
Set up for sampling 
Lab analysis 
Notes: 1 st c41y,j,'rroA' Use) '51( eLI ~1qo(IIY.2~1.f",'l= PlIA wJ~ 
7..vt.d J'('../:tw;; tJ seA <)0 (( ,I Stwfh IMb.),J £"CI a :;; to x ~I " 
T6t-P' J4'{ .. lira1 7.""&0 ('l K (/),1 
... _-_._ ... _-----------
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•• 
Air Toxics Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 
Sampler ID #-
t y Sf- Circle Sample Type: 24 Hr 
~~~~------~ 
(G® "Miv\ 
Canister ID # 
- OtlJer: 
Sampling Event # and Date: I 11 I z 12/0'-1/ t) 9 
Sampling Location: IM.>P pl{;efrr.L 6#:f~11 
Pre-SampliDg Information 
Dateffime Prepared: If (I?..-( Or Y It-- I By: I ;t-
Composite Cleaning File: I c. 1// P - 4P I 
1;:=::::::::::====::1... 
Instrument Blank File: I 
•• Pressure of Canister: Field Data 
Setup By: (IA • ~ Collected By: 
Start DateITime: 1~=9=; I=)=A=M.~_--J 
Initial Pressure: L.I _______ -'1 in Hg 
Stop DatcITime: 
..... --------.., i" Final Pressure: I I - Hg 
Post-Sampllng Information I It,·Llllf> '1 4~/)1 f'" I Dateffime Analyzed: By: 
GCMS Sample File: I Il/o "1. r> I 
Sequence File: I no 2..0" 9 I 
Pressure of Canister: I linHg g' ''lV '--______ ~lmmHg 
Reason for transfer 
Set up for sampling 
Lab analysis 
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Air Toxics Sample Chain of Custody 
• 
University of Louisville Air Quality Laboratory 
. Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 N o-t-wY ~ 
Canister ID # 1 ( & 1 Circle Sample Type: 14 Hr jo-J. 
SamplerID # - B 20 M-\Y\ Otber: 
Sampling Event # and Date: I#-2 --n (\ 9/ 2ft' 
Sampling Location: I M<SO - 1ycMY\. if lj 
Pre-SampUng Information t 
Dateffime Prepared: '8 t f ~ 6t 1; ~21 By: I g 
Composite Cleaning File: I r--.......... I 
'r============" 
Instrument Blank File: I 
Pressure of Canister: • ImmHg Field Data Setup By: (If\ Collected By: 
Stop Date/Time: t: ~ 0 eM Start DateITime:1 :: ==':::: ::40:::f:;-M_----I 
Initial Pressure: LI ____ ..... 1 in Hg Final Pressure: ... 1____ ..... 1 l\:. Hg 
Post-Sampling Information 
Dateffime Analyzed: 
GCMS Sample File: 
Sequence File: -




2 .-r" ......... 
I I /, IN. /1) 7 I ( - If r IJ-.-. I By: 
I iJ... /6 -r)c./.j) ~ 
L..-. - __ ~.-.J 
rt-:' ___ ...... Iin Hg ImmHg 
Signature nate!I'lme Reason for transfer 
.Il. "t. (1. I t:l./lqJfT~ Set up for sampling 
~-~-/.. 
'" Lab analysis I j/dhl~ a3 rr 
~ 
Notes: ht:- J.ch..{zrn - V)J 3J{ chi rai7J(-lJf 14-£- 4'$'5 PSjo w/7.:f.t'rJf\l2. 
'?I"J el' til"'><¥\,;;: t IS£J C;-C « oJ <:am.r'f ,.Je",j d= S"OIJ c.c - /0' I( (h I 
=v:b1 dd .. ~ izn '% 3D (3)( (~) 
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• 
Air Toxics Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 
Canister ID # Circle Sample Type: 24 Hr 
SampJerID # 
Sampling Event # and Date: I"#" 2. I -2-'" t I Li /240 J 




DateITime Prepared: I 3d ~I o~ "f: 3 b~'-I By: I 7ftV'" 
Composite Cleaning File: I I 
L:=========.. 
Instrument Blank File: I 
Pressure of Canister: -2J1 I ~ C5 I ~ ______ ~mHg ~~j~ ____ ~mmHg • Field Data Setup By: Collected By: M 
Start DatefTime: I I ; ~ IP PM Stop Dateffime: f .. ) ') PM 
Initial Pressure: L.I ______ .... 1 m Hg Fi~' Pressure: L.I _______ ..JI ~ Hg 
Post-Sampling Information 
Daterrime Analyzed: 
GCIMS Sample File: 
Sequence File: 
Pressure of Canister: 
1...-______ ---11 By: 
I .; I 
58 
InunHg 
Reason for transfer 
Set up for sampling 
Lab analysis 
Air Toxics Sample Chain of Custody 
• University of Louisville Air Quality Laboratory Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 _ Phone 502-852-2734 N~ 
~"'~ 
Canister ID # Circle Sample Type: 24 Hr 
SamplerID # -- G2£> Other; 
Sampling Event # and Date,....: .:' j~=3====I2.=/='~"=/=~=1==--..., 
Sampling Location: ... 1__________ -....1 
Pre-Sampling Information 
DateITime Prepared: /,1/ 1'(0 r lf~ ~ .A ~ I By: I -:1 v...... 
Composite Cleaning File: I I 
Instrument Blank File: 1 
Pressure of Canister: - J1 ImHg ~b ImmHg 
-Field Data 
Setup By: M . G- 1 Collected By: 
Start DateITime: I '2 '. 00 f' fV\ Stop DatelTime: 2.: I') PM 
Initial Pressure: \...1 ____ ..,.,1 in Hg 
- ~ 
Final Pressure: \...1 ____ ... 1 - Hg 
Post-Sampling Information 
DateITime Analyzed: 
GeIMS Sample File: 
Sequence File: 
Pressure of Canister: 
Chain or Custody 
Recipient(print) 
1 fY\ '& 
2 ..71 v-
3 
11--_____ --'1 By: 
1 1 
I~====~--~=I--~ 
L-___ -...Ilin Hg L..-...;;lS .... • >:..;..);;....-._ ... Imm Hg 
Signature Datelfime Reason for transfer 
~rA/\" Set up for sampling 




Notes: 1¢ Jtll4ima. Ils..,d 3' d4/ pm{aAl{ 14S'~41·6 p~ 'f • 
2..b.d ~'w.hm '2 vse.4 5"0 C( eLf 5fA.ttrf?le i%{-vc...J rtI ~o (C 12 10 X lr "'2 
~ ~ ~ eI\ I..b'Ot'l ::. 'l a ('3 KIa) 
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• 
Air Toxics Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 p Ije..So "" t-,( 
3CA.$ 
Canister ID # 1 ( (, 0 I Circle Sample Type: 24 Hr 
L..---!--=...l:=:::....-_---I, 8 It) M I '" 
Other: 
Sampler ID # 
Sampling Event # and Date: 1#3 ('211S"/2QaJ I 
,--.::::=======:::::::::~ 
/VI. so - t-r"<N'V\ # i..f Sampling Location: 
Pre-Sampling Information 
DatcfTime Prepared: I #f y.:) i) I ~I By: I -1-"" 
Composite Cleaning File: I I 
I;::=====::::!., 
Instrument Blank File: I 
Pressure of Canister: - z. L 
-Field Dat. 
Setup By: ~:;(V\:::;'{b.~~ __ -, 
Start DatelTime: I I : "30 I::>M 
Collected By: 
Stop DateITime: I : '-( 5' fM 
Initial Pressure: ! I in Hg f Final Pressure: ! I ~ Hg 
Post-Sampling Information 
DatcfTime Analyzed: I By: 
GCIMS Sample File: IL--________ --' 
Sequence File:! ~ ====:::;-__ ---;;:...:-= ___ -, 
'--___ ....... Iin Hg L.-....::;;.o-,;W=-_....Ilmm Hg Pressure of Canister: 
Reason for transfer 
Set up for sampling 
Lab analysis 
Notes: 1st obl,julY\:;;Uve,d 1Kd,1 proheq! 1<j.£=1L('l.6 PSiq.ytzMbIJz 
2 .. ,4 ~,l,l'.vvn!'l, \J~ ,Q c.c oR- r.mfU. frllk,J of S'QfJ CC :% 10" eM 
T'efot\ ~<l,\;\j'M,,';::' 30 { '5 KllV 
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• 
Air Toxies Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 
Canister ID # Circle Sample Type: 24 Hr 
r e 
; ...... ~."I- Other: 
SamplerID # 
Sampling Event # and Date: I #. <1 \ 2/16/ DJI 
Sampling Location: I M S D - +r ou.. V\ # t{ I 
Pre-Sampling Informadon ; 
DateITime Prepared: / ~b vi/) 1 z.: 0" ... 1 By: 1 ... _--1--__ ........ 
Composite Cleaning File: ( I 
';========:=:::!., 
Instrument Blank File: I 
Pressure of Canister: -~ linHa f11 InunHg 
-Field Dat. 
1M Setup By: N\,~ Collected By: 
Start Date/Time: I \ ; Lto PM Stop DateITime: 
Initial Pressure: I I in Hg Final Pressure: I 
Post-SampUng Information 
DateITime Analyzed: 1 1/,,11 0 ,1-:)., f~ I By: 
GeIMS Sample File: I 0 (i7V --~ ~ ,p 
Sequence File: [ O/oy2-0 I tJ 
Pressure of Canister: 
Chain of Custody 
Reeipient(Print) 
G-




Reason for transfer 
Set up for samp illg 
Lab analys is 
Notes: I ~t J.lsahttrt - lk ... d3> dJ', pwiaeul \9 1: ==' '14· I AHa Wjzv, NZ 
J oj J,'~Jt'4'\i- \tStJ SJ> CC (tf S.'AMpL" IVkttuJ, 4- 010 (( -='10 JC. ri,l 
q=aH ~iI++4J{M:;: 3.0 (J~bl) 
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Air Toxies Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 • Phone 502-852-2734 D + n../ 
1:1 c-S c/. 
Canister ID # 2172 Circle Sample Type: 14 Hr 
SamplerID # ....... 1 ____ ....... 
Sampling Event # and Date: 1 # Lf I 2/\6 I 0 9 
Sampling Location: 1 M S D -- +-¥ C4V1 #: <-t 
Other: 
Pre-SampUng Information 
DateJTimePrepared: I *f/Of I.' (l-/'" 1 By: I 7-
Composite Cleaning File: 1 I 
';::=======' 
Instrument Blank File: I 
3t\.g 
\g N\...'f\ 
Pressure of Canister: 
-Field Data 
.!::::rJ I '--___ ...lUUl1 Hg 
-., 
Setup By: Collected By: 
Start DateITime: I 1; I 0 f M Stop DateITime: 
Initial Pressure: I I in Hg 
Post-Sampling Information 
DateITime Analyzed: 




Iidio I·n f'- I By: 
o (D f/ -OS-d) I 
O(OI(UJ/o I 
I :28 eM 
Pressure of Canister: L...-___ .... lin Hg L...-.:::;.~..:;.]..;;.iJ_---Jlmm Hg 
Chain of Custody 
Recipient(Print) Signature Dateffime Reason for transfer 
1 rv. G, ~.,",<- (.."'!"'-,--- 12116/09 Set up for sampling 
1- ~. J'-' M..Y ·1L~'/a...,;vv /2./;,/tJ 9 Lab analysis 
3 .,/ 
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Air Toxies Sample Chain of Custody 
• University of Louisville Air Quality Laboratory Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 Phone 502-852-2734 
N~o) 
Canister ID # 2f65 Circle Sample Type: 24 Hr ~ I1>....J 
SamplerID # 
Sampling Event # and Date: kJ 12//1/0 J 
-=====:::::.:==~---. [ MSD .- ~A #-4 Sampling Location: 
<§ \~ M\~ 
Other: 
Pre-Sampling InformatioD 
Datelfime Prepared: jill!)! I in.- I By: I -;,...... 
Composite Cleaning File: I I 
';::======:::"1 
Instrument Blank File: 
Pressure of Canister: - Z1 lin Hg I.--)_-V ___ .-llnun Hg 
-Field Data 
Setup By: ~I ::M=.=C~:::;~ __ ......, Collected By: (f\·G 
Start Date!fime: I 2: etJ PM Stop DatclTime: '2. :1 6 PM 
Initial Pressure: 1..[ ____ ..... 1 in Hg Final Pressure: \...1 ____ ..JI ~ Hg 
Post-SampliDg Information I b/~'£:.~v t2.:~l{J~ I Date/Time Analyzed: ,- By: -;..---..-
GCIMS Sample File: I 010'1:.- 06,p, I 
Sequence File: [ o I.. i) '-I,2() / () 
Pressure of Canister: I linHg l?lO ImmHg 
Chaiu of Custody 
Recipieot(Print) Signa~re DateITime Reason for transfer 
t (V\.& ~ lJJ t \2.../I?--lo.') Set up for sampling 
2 ;J1r-- ~ M"Z~./'_ / l//77D r Lab analysis ... 3 Ie:/' .. -
Notes: 4 sr ~1,6JJe7l:: U5.eJ 3X' ,,~I !/'bm prat(.,"/ IY~ ="" 4!~ . f f>td wl:.(..,12' 1111, 
2 .. d d,L ... hw : Uvd 50 CC d 'i<""i'k Id~tt:.J 11'1'- 5M c( ~ LO )( .ill 
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Air Toxics Sample Chain of Custody 
• University of Louisville Air Quality Laboratory Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 Phone 502-852-2734 
--
Circle Sample Type: 24 Hr 
9 
2J 9-1 Canister ID # 
SamplerID # 
Other; 
SampIingEvent#andDate: 1# S - fl/\SD -t-roJ"'#1L( _12/17-/OJ 
Sampling Location: M SD f-ro..illl # l.f. I 
Pre-Sampling InformatioD ...-----r---,..----..... 
DateITime Prepared: / ~«jfV1 I By: I Jf0 , 
Composite Cleaning File: 1 I 
'=======. 
Instrument Blank File: 
Pressure of Canister: 
-Field Data M .(.., 
Setup By: I : 'LJ.) elM 
L.-_-_?~~ _ _...JlinHg L.-__ j~=v ___ ...JlmmHg 
Collected By: 
Start DateITime: ;1 =l=: 2:::0::f::M::;-_---J 
Initial Pressure: .... 1 ____ ...JI in HI 
\: 35"" PM Stop DateITime: 
Post-Sampling InformatioD I //lido. ~:~ 7 Pt.. Date/Time Analyzed: 
GCIMS Sample File: I t::;J(OV-o7.f) 
Sequence File: I e.L()Vd.-DUJ 
Pressure of Canister: I lin Hg <;£)0 ImmHg 
Notes: 1 ~ t cl.lwfIWI 
7",6 ..l.1u-b"" co \lsed 
(:S.x raJ 
64 
Reason for transfer 




Air Toxics Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 
Canister ID # 11....-.;2_..;..1_7--'1j~ __ --J Circle Sample Type: 24 Hr 
~ 
I Other: SampJerIO # 
Sampling Event # and Date: ¥$ ILl I S"/ () J 
Sampling Location: I M S D - t--rM"" 1/ Y 
Pre-Sampling Information 
DateITimePrepared: I ;J./tYh~ 2.. /j-IJ-"- I By: L.1-,,7-~_--, 
Composite Cleaning File: I I -;::::=========.. 
Instrument Blank File: I 
Pressure of Canister: - ~'j ImmHg 
-Field Data 
Setup By: fr\ . G- Collected By: 
Start Datetrime: '-1 -'-:-2--=S=--f'~fY\-----' Stop DatcITime: 
Initial Pressure: 11.--___ --'1 in Hg .-----.., i. Final Pressure: 1 I - Hg 
Post-Sampling Information I l &llO s:rt-"lf .... I Datelrime Analyzed: By: 
GCIMS Sample File: I o lOY ~ Ok'. I> I. 
Sequence File: 1 0/ O!.f.).tll I) I 
Pressure of Canister: I linHg 5if)O 
Reason for transfer 
Set up for sampling 
Lab analy.is 
Notes: 1 ~ t" d d....nClX\ ~ u.s.\' d Jx dd\A.bQ't! (?l'IYt-o ClI 1<.1 .. , =): ttL{· t PSI" vJ(Zt/tIl f'J~ 
2nJ J.1.",h"" - ",~(A SQ cc or """""'fIt> IQsre!l.J d SoO'~ ;:. 10 x d dv-b"", 




Air Toxics Sample Chain of Custody 
• . University of Louisville Air Quality Laborfltory Ernst Hall room 202, Univ, of Louisville, Louisville KY 40292 Phone 502-852-2734 
J>~~+eff 
Canister ID # Circle Sample Type: 24 Hr ~l.\5 
SamplerID # B ~\1-M\V\ 
Other: 
Sampling Event # and Date: 1#6 Il/ltl09 .1 
Sampling Location: 1 M S D - +r~' t\ . # Lf 
Pre-Samplhtg Information r-----, 
DateITime Prepared: (;1#07 \1": II t'''- I By: ~I _rt-.::--_---' 
Composite Cleaning File: 1 C. ~,,, r _ (r /) 1 
Instrument Blank File: 
Pressure of Canister: I - 'l ~, I • Field Data lin Hg L..-,';") " ___ ...Ilmm Hg 
.. ... 
Setup By: ~=/V\=' G.:;:::::~ __ ..., 
Start DatefTime: I p .. , 5"g PM 
Collected By: MG 
, :1)' pl'f\ Stop DatclTime: 
Initial Pressure: I I in Hg . i k Final Pressure: .... 1____ .... 1 - Hg 
Post-Sampling Information 
DateITime Analyzed: 
GC/MS Sample File: 
Sequence File: 
Pressure of Canister: 
Chain of Custody 
I 
I 
/It/(lo tf: 3 I i'- I By: 
0/ () l/ ~ 0 f,/) I 
e I D 1/-)..()~ 0 
Redpient(Print) Signature Date/Tlme Reason for transfer 
1 ptA·G ,A. ..... ...Q.. c...L.L---- 12/ I tlO;> Set up for sampling 
2 .;'J J,..- ~-Il/1_/. ~ /l//,r/Oe; Lab analysis 
3 
Notes: Itt ~ - lAW 1( ,tAR (l9 h r.J IV,( - </ So £' R:" 4 ~~tJL 
2.uJ. ,2. 'l, ~ 44.L<-( ty q: '9 ~ ,,,,,,,- \ ~ .. I -1 C¢ ti Cc. ':" ID t dJ 




Air Toxies Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univo of Louisville, LouisviJ1e KY 40292 
Phone 502-852-2734 
Canister ID # 
Sampler ID # 
Circle Sample Type: 24 Hr 
Grab 
Otbu: F~ 
Sampling ~vent # and Date~:~I=.;;.~l=o'=Ir=o======I.:,--. 
Sampling Location: 
C r;'eL( t 1.-;. ) 
Pre-Sampling InformadoD 
Dale/Time Prepared: 11t<f JD J/:]cJ,4- I By: I 
Composite Cleaning File: I ';==========:::::!.. C. 0llv - 01..·r> I I Instrument Blank File: 
Pressure of Canister: 
.tieldData 
Setup By: 
_"1.J linHs j--V '--~ __ -.Jlmm Hg 
Collected By: 
Start DateITime: IL.-______ ......J Stop DateITime: 
Initial Pressure: L.I ____ .... 1 in Hg FOnal n.. IL. ____ ....II _i" Hg 1 CSsure: ° 
Post-Sampling Informatiob 
DateITime Analyzed: 11) } II u l \ ~ oS-".... I By: 
GCIMS Sample File: I 0'1 <;. ~ Q) . Q I 
Sequence File: L.1_--,-OI...'3~-=1.3:::.L""L~()~I....;O;...-._-.J 
Pressure of Canister: L.1 ____ ...Jlin Hg ...--------.Inun Hg 
Cbain of Custody 
. .( " 
Reeiplent(Print) Signature Daterrime Reason for transfer 
1 A Set up for sampling 





Air Toxics Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville K Y 40292 
Phone 502-852-2734 
SamplerID # 
6 V 4' {' I Circle Sample Type: :4_~r 
~----~------~I (~~ 
Canister ID # 
1'5 MIV\ 
~I'\#,'{ 
) '" s t- O'Y\ 
N~~ 
Other: 
Sampling Event # and Date: lEI/tV! f 7- - 02/26 1; I 0 
Sampling Location: fV\ 3 D - -hu..iV\ #' <1 I 
~u.S ~~ 
Pre-Sampling Information 
DatelTime Prepared: I/; 1!t t) /t'.'J (I fi-fl..-I By: I ;7---
Composite Cleaning File: I C- 01/ 1/ - 0 ~ ,y I 
Instrument Blank File: ! 
Pressure of Canister: !inHg ( () !mmHg 
• Field Data 
Setup By: fV\. ' G IV'(. G 
• 
Collected By: 
Start Date/Time: L.I _--1(..=0'-: ..... 1 g~ __ --I Stop DateITime: ,~: l~ 
Initial Pressure: I L. ____ .... 1 in Ii&. Final Pressure: I ~Hg 
Post-Sampling Information 
DateiTime Analyzed: 1(: SV ~I By; cr 
GCIMS Sample File: 
Sequence File: I 01ZJ Ute) 
Pressure of Canister: L..-___ --Jlin Hg 
Chain orCustody 
Recipient(Print) Signature DatelTime Reason ror transfer 
1 ,,'Y"tv_~ (,4\ u\.AJy~ (,;'-'\ W26J!O Set up for sampling 





Air Taxies Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 







Sampling Event # and Date: I # 7- - (J l ! 2 6 /1 d 
f'{\ ~ D - .fyo. It\#, 1 I Sampling Location: 
Pre-Sampling InformatioD ,...--.,.-....,-------, 
Date/TimePrepared: / /ttif;O 1/:)..,/1- I By: I ::/ 
) 
Composite Cleaning File: I C f) 1/ if - 02-· l> I 
Instrument Blank File: - I 
Pressure of Canister: L--..,j,)--V ___ ..Jlmm Hg 
• Field Data 
Setup By: (V) -& I Collected By: M . (1 
Start Daterfime: I r (J .' 37- ~::::::::::=----Stop DatelTime: 10 .' '52 
Initial Pressure: I I in Hg F~l Pressure: I I ~ Hg 
Post-Sampling InformatloD 
31~ll10 p .. ~ WI-- I Date/Time Analyzed: By: Iv: 
GCIMS Sample File: I 03.l.1-o{". 'J) I 
Sequence File: I D3):1')'0/0 I 
PressllTe of Canister: lin Hg 76~ 
Chain of Custody 
Recipient{Print) Signa~re Dateffime Reason for transfer 
1 M(A.~ t,;1w .. ~ ~'-<... 
_. 
02/26/10 Set up for sampling 




Air Toxics Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
• Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 Phone 502-852-2734 rJ~ 
~c;U 
Canister ID # Circle Sample Type: Z4 Hr 
Sampler ID # ~ 
Other: 
Sampling Event # and Date: 1 -# ~ 03/05/ (0 
"'-1 ~tV\=:;5.~()=-=T:=n::t...Ac='==:l==#=:1=--" Sampling Location: 
Pre-Sampling InformatioD r----.., 
DatelTime Prepared: I/U In> /1 -] c) IJ I- I By: f y-
Composite Cleaning File: 1 C. 0 II V -0 I- - /) I 
Instrument Blank File: I 
Pressure of Canister: '----:.$""""_v _ ...... lmm Hg 
e Field Data 
Setup By: M -(;, 1 Collected By: 
Start Daterfime: 1 10 ::$0 AM Stop Datelfime: 
Initial Pressure: .... 1 ____ .... 1 ib nr--"--Final Pressure: 1 ...... ___ --'1 ~ Hg 
Post-Sampling Information 
DateITime Analyzed: 
GCIMS Sample File: 
Sequence File: 
Pressure of Canister: 





312.1110 \~ 1.7f..... 1 By: 
I 01:2..1 - 0(:,·2 
I oJ'l:~.?oIO 
'--___ --11m Hg 1...-~8"_J_.J_---'lmm Hg 
Dateffime Reason for transfer 
Set up for sampling 
Lab ana ysis 
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• 
Air Toxics Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 
ClUlister ID # 
SamplerID # 
Circle Sample Type: 24 H .. 
(@ 
Othe .. : 
~i,~sk,... ~~ 
II) MIY'I 
Sampling Event # and Date: {'is' - MS p TaMt'\ #f 1 - () S/ 05/ \ ~ 
Sampling Location: M <; D -TTtM '" ;# 1 I 
Pre-Sampling Information d 
DateITimePrepared: . I (rlo'1 ;. :'17 PI. I By: I 7f-
Composite Cleaning File: I Co loB'· / V· n I !;============.. 
Instrument Blank File: L-__ --______ --' 
Pressure of Canister: L-.;;.--:;l-_1 __ ...Ilin Hg L..-._~_-t) __ -,Imm Hg 
eFleldData 
Setup By: M: G 
e 
Collected By: 
Start DateITime: 1.-1 ......l.llO'-.;;:....I.lj;,.:.g~A;..;..:..;M __ -' Stop Date/Time: 
Initial Pressure: .... 1____ ...II in Hg" • Final Pressure: L-I ____ ...JI ::.. Hg 
Post-Sampling Information 
DateITimeAnalyzed: I :J/'1.-1111J .:t •. ,,!(~ I By: (J-
GCIMS Sample File: I 0 1.;1 "\ - 07· r') 
Sequence File: 
Pressure of Canister: 
Reason for transfer 
Set up for sampling 




Air Toxics Sal!1ple Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502~852~2734 
{,t/v7 Circle Sample Type: 24 Hr rJ~ 
® 
Canister ID # 
SamplerID # 
Other: 
Sampling Event # and Date: I 9 - (f 3//21 I 0 I 
Sampling Location: I mSD·,- T v-tM'n. #: if I 
Pre-Sampling Information .....-----T~....-------. 
DateITime Prepared: I b I tJ9 "..: v r /- I By: I d--
Composite Cleaning File: I C Q/I f - I V 12 I 
Instrument Blank File: 
Pressure of Canister: L-._sP~_..JlmmHg 
• Field Data 
Setup By: ~~fV\=,<;-=:~ __ ~ Collected By: 
Start Daterrime: .... 1 _L!'O:;...;.:-,~~2'--!.1t':"'('(\._---I Stop DatelTime: • II!IO M'I. 
Initial Pressure: \ L. ___ -.;.' -II in 14 F' alP J I _ill Hg m ressure: '--___ ---I. 
Post~Sampling Information I 
Dateffime Analyzed: 3 bn l 0 )', 01. f..... I By: 
GCIMS Sample File: I 0 ~.;I.1. - 0 r.j/ I 
Sequence File: ,;1 ==O=,]=2-=~='2..::;-tJ..;.I_O_---;::::;~ __ ......., 
Pressure of Canister: LI ____ ...Ilin Hg ? ;C lnun Hg 1/1-'/:..:0, r /_ 
Chain of Custody 
Recipient(print) Signature Date/Time Reason for transfer 
1 !~..-Y~~" ~~ OJI'j2 .. /ID Set up for sampling 
2 ... /"'" ---- Vn.A.. M6-h-I-.A }hLi //) Lab analysis 




Air Toxies Sample Chain of Custody 
University of Louisville Air Quality Laboratory 
Ernst Hall room 202, Univ. of Louisville, Louisville KY 40292 
Phone 502-852-2734 
Sampler10 # 
L....-~&~{...J.v_9 __ -'1 Circle Sample Type: 24 Hr D 13 t3 te1' 
~------'I G ,-,cD 
Other: 
t S- N\A'Vl 
Canister 10 # 
Sampling Event # and Date: I it}- _ O~ I Lit 0 
Sampling Location: M ~ D .- In:M(\ '# S , 
Pre-Sampling Information 
Date/Time Prepared: I! tf Iv ., ..2: v.JT- I By: IL-_d __ -, 
Composite Cleaning File: I & 01 t> 1- I y. t) I 
Instrument Blank File: -- I 
Pressure of Canister: 
eFieldData 
Setup By: M '& Collected By: M.& 
Start Date/Time: 1"'"1 ---:"', ~O~: 1=-O~A"":'M--"'" Stop Dateffirne: 10 ;.1..1 >AiV'\ 
Initial Pressure: I I in Hg FiJlIII.Pressure: I I .!:. Hg 
Post-SampliBg InformatioD I Date/Time Analyzed: 
GCIMS Sample File: I 
Sequence File: 
Pressure of Canister: 





O'?J'!> - O~· Q 









Reason for transfer 
Set up for sampling 
Lab analysis 


































11 Dec 2009 3:12 pm using AcqMethod T015PPBB.M 
5973A MSD 
100eo IS,50ee,AS15,~8,T015.mpt 











I I :, 
24,~66" I,j, ", 









25'075~ II ,\ I , 
21444 23 96~ i, ,j" ", I"~ \ 
, ;.~", ',·'v •. _____ "'-_ ....... ---
,b."'~._,_·. __ ~,.,,-











Quantitation Report (QT Reviewed) 
C:\msdehem\1\DATA\12102009\Snapshot\ 
1210-16.D 
11 Dec 2009 
JM 
3: 12 pm 
100CC IS,SOcC,AS15,6458,T01S.mpt 
MSD,Natural Gas, Train #4, 3S-300amu ~4.64min 
17 Sample Mul t ipl ier: 30 
Dec 14 10:18:22 2009 
c:\msdchem\1\METHODS\T01Sppb8 M 
T014/T015 volatile Compounds 




Response via Continuing Cal File: c:\msdehem\1\DATA\12102009\A1210-13.D 
Internal Standards R.T, Qlon Response Cone Units Dev(Min) 
1) 1,4-Difluorobenzene 10.280 114 3815999 4.12 ppbv 0.00 
53) Chlorobenzene-d5 16,102 82 1731503 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane 8.21S 128 830837 4.39 ppbv 0.00 
64) p-Bromofluorobenzene 18.603 174 1653193 3.89 ppbv 0.00 
Target Compounds Qvalue 
2) Freon 22 (CLF2Methane) 0.000 67 a N.D. 
3) Freon 12 (Cl2F2Methane) 0.000 85 0 N.D. 
4) Chloromethane 0.000 50 0 N.D. 
S) Freon 114 (C!2F4E:thane) 0.000 85 0 N.D. 
6) Vinyl Chloride 0.000 62 a N.D. 
7 ) 1,3- Butadiene 4.641 54 36359m 7,11 ppbv 
8) Bromomethane 0.000 94 0 N.D. 
9) Chloroethane 0.000 64 a N.D. 
10) Acetone 5,535 58 609338m 148,63 ppbv 
11) Freon 11 (Cl3 Fmethane) 0.000 101 a N.D. 
12) Acrylonitrile 0.000 53 0 N.D. 
13) 1,1-Dichloroethene 0.000 96 a N.D. 
14) Methylene Chloride 0.000 84 0 N.D. 
15) Methyl Acetate 0.000 43 0 N,D. 
16) Freon 113 (C13F3Ethane) 0.000 101 0 N,D. 
17) Carbon Disulfide 6.551 76 153810m 6.62 ppbv 
18) Trans-1,2-Dichlorothene 0.000 96 a N.D. 
19) 1,1-Dichloroethane 0.000 63 a N,D. 
20) Methyl T-Butyl Ether ( ... 0,000 73 a N.D. 
21) Methyl Ethyl Ketone(2- ... 7.707 43 381837 24.47 ppbv 98 
22) Chloroprene(2-Cl-1,3-B ... 0.000 88 0 N.D. 
23) eis-1,2-Dichloroethene 0.000 96 a N.D. 
25) Hexane 0.000 57 a N.D. 
26) Chloroform 0,000 83 a N.D. 
27) 2,2-Dichloropropane 0,000 77 a N.D. 
28) Dibromofluoromethane ( ... 0.000 III N.D. 
29) 1,2- Diehloroethane .000 62 N.D. 
30) 1, I, l-Trichloroethane 0.000 97 a N.D. 
31 ) 1,1- Dichloropropene 0.000 75 0 N.D. 
32) Benzene 9.909 78 616704 24.67 ppbv 99 
33) Carbon Tetrachloride 0.000 117 a N.D. 
34) Cyclohexane 0.000 84 N D. 
35) Dibromomethane 0.000 174 N.D. 
36) 1,2-Dichloropropane 0.000 63 0 N.D. 
37) Ethyl Acrylate 0.000 55 0 N,D. 
38) Bromodichloromethane 0.000 83 N.D. 
39) Trichloroethene 0.000 132 N.D. 
40) Methyl Methacrylate 0.000 69 N.D. 
41) cis-l,3-Dichloropropene 0,000 75 a N.D. 
42) Methyl Isobutyl Ketone 0.000 58 a N.D. 
4) Methyl Cyelohexane 0.000 98 0 N.D, 
44) trans-l,3-Dichloropropene 0.000 75 N.D. 
76 
45) 1,1,2-Trichloroethane 
46) Toluene-d8 (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
SO) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) xylene 
581 Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 

















































































































































(#1 ~ qualifier out of range (m) z manual integration (+) ~ signals summed 





ACqL' i, erl 
Tn~·>t.T,lrr:<?nt. 
Sr:l:;,:ple Nam8: 
1, D"" 2009 
59731\ MC:D 
4:0: pm using AcqMethod T015PPB8.M 




























lrJOc;:-- I:-3, SO,:::.,J..Si.G, (~/T01.5.mpt 










1 B 02 
25,920 



















MSD,Digester Gas,Train #4 3S-300amu @4.64min 
16 Sample Multipl~er; 30 
Quant Time: Jan 07 13;11;22 2010 
Quant Method C;\msdchem\1\METHODS\T015pph8.M 
Quant Title T014/T015 Volatile Compounds 
QLast update Fri Dec 11 10;00:41 2009 








2) Freon 22 (CLF2Methane) 
3) Freon 12 (C12F2Methane) 
41 Chloromethane 
5) Freon 114 (C12F4Ethane) 
61 Vinyl Chloride 




11) Freon 11 (C13Fmethane) 
121 Acrylonitrile 
13) 1,1-Dichloroethene 
14) Methylene Chloride 
15) Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
171 Carbon Disulfide 
18) Trans-l,2-Dichlorothene 
191 1,1-Dichloroethane 
20) Methyl T-Butyl Ether ( .. . 
21) Methyl Ethyl Ketone(2- .. . 





2B) Dibromofluoromethane ( .. , 
29) 1,2- Dichloroethane 
301 1,1,1-Trichloroethane 
311 1,1- Dichloropropene 
321 Benzene 




37) Ethyl Acrylate 
38) Bromodichloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) ciS"1,3-Dichloropropene 
42) Methyl Isobutyl Ketone 
43) Methyl Cyclohexane 
44) trans-l,3-Dichloropropene 






























































































4.12 ppbv 0.00 
4.16 ppbv 0.00 
4.45 ppbv 0.00 













































46) Toluene-d6 (SMC) 
47) Toluene 
46) 1,3-Dichloropropane 
49) Methyl Butyl KetoneI2-. 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
521 Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
551 Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
56) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 






































































































































1#) = qualifier out of range 1m) ~ manual integration (+) = signals summed 






























MSD,NatGas,121409, Tiain #4,35-300amu 
5------ ---


















: I' 1 Ii ~:79d 6.775 I I 
, '7 ' ' 
5540P: 770p , 
5:83,2 l,iIi.1.IA 9.738 























MSD,NatGas,121409, Train #4,35-300amu @4.64mi 
5 Sample Multiplier: 30 
Jan 07 11:10:32 2010 
C:\msdchem\1\METHODS\T015ppb8.M 
T014/T015 Volatile Compounds 




Response via Continuing Cal File: C:\msdchem\1\DATA\12162009\A1216-02.D 
Internal Standards R.T. Qlon Response Cone Units Dev(Min) 
1) 1,4-Difluorobenzene 10.286 114 5259120 4.12 ppbv 0.00 
53) Chlorobenzene-d5 16.107 82 2010843 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane B.223 128 1198926 4.36 ppbv 0.00 
64) p-Bromofluorobenzene 18.602 174 2009652 4.21 ppbv 0.00 
Target Compounds Qvalue 
2) Freon 22 (CLF2Methane) 0.000 67 a N.D. d 
3 ) Freon 12 (Cl2F2Methane) 0.000 85 0 N.D. d 
4) Chloromethane 4.348 50 41230 5.18 ppbv 93 
5) Freon 114 ICl2F4Ethane) 0.000 85 a N.D. d 
6) Vinyl Chloride 0.000 62 a N.D. 
7) 1,3- Butadiene 4.646 54 365455m 48.21 ppbv 
B) Bromomethane 0.000 94 0 N.D. d 
9) Chloroethane 0.000 64 a N.D. 
10) Acetone 5.534 58 1615537m 274.95 ppbv 
11) Freon 11 (C13Fmethane) 0.000 101 0 N.D. d 
12) Acrylonitrile 0.000 53 0 N.D. d 
13) 1,1-Dichloroethene 0.000 96 0 N.D. 
14) Methylene Chloride 6.246 84 42726 3.41 ppbv 94 
15 ) Methyl Acetate 0.000 43 0 N.D. d 
16) Freon 113 IC13F3Ethane) 0.000 101 a N.D. d 
17) Carbon Disulfide 6.556 76 198017m 5.65 ppbv 
18) Trans-1,2-Dichlorothene 0.000 96 a N.D. 
19) 1,1-Dichloroethane 0.000 63 N.D. d 
20) Methyl T-Butyl Ether ( ... 0.000 73 0 N.D. d 
21) Methyl Ethyl Ketone 12 - ... 7.700 43 1149427 50_86 ppbv 98 
22) Chloroprene(2-Cl-l,3-B ... 0.000 88 0 N.D_ 
23) cis-l.2-Dichloroethene 0.000 96 0 N.D. 
25) Hexane 0.000 57 0 N.D. d 
26) Chloroform 0.000 83 a N.D. d 
27) 2,2-Dichloropropane 0.000 77 0 N.D. d 
28) Dibromofluoromethane I. 0.000 111 0 N.D. 
29) 1,2- Dichloroethane 0.000 62 0 N.D. 
30) 1,1,1-Trichloroethane 0.000 97 N.D. d 
31) 1,1- Dichloropropene 0.000 75 N.D. d 
32) Benzene 9.908 79 1990146 55.06 ppbv 100 
33) Carbon Tetrachloride 0.000 117 a N.D. d 
34) Cyclohexane O.OCO 84 0 N.D. d 
35) Dibromomethane 0.000 174 N.D. d 
36) 1,2-Dichloropropane 0.000 63 0 N.D. 
37) Ethyl Acrylate 0.000 55 0 N.D. 
38) Bromodichloromethane 0.000 83 a N.D. d 
39) Trichloroet.hene 0.000 132 0 N.D. 
40) Methyl Methacrylate 0.000 69 0 N.D. 
U) cis-1,3-Dichloropropene 0.000 75 0 N.D. 
42) Methyl Isobutyl Ketone 0.000 58 0 N.D. 
43) Methyl Cyclohexane 0.000 98 a N.D. 
44) trans-l,3-Dichloropropene 0.000 75 0 N.D. 
82 
45) 1,1,2-Trichloroethane 
46) Toluene-d8 (SMC) 
47) Toluene 
49) 1,3-Dichloropropane 
4~) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52} Tetrachloroethene 
54} i,1.1,2 - Tetrachloroe .. 
55} Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 































































































































(#) = qual~fier out of range (m) = manual integration (,I = signals summed 
TOlSppbB.M Thu Jan 07 11:10:39 2010 
83 
-~" ""------------
:C:\mMdcne~\1\DA7A\12162009\1216~06.0 r'1 le 
OperaL::')r 
AC-;<.iu j red 
TnsLrumenc 
Sample Name; 


























16 Dec ?CD9 1:59 pm using AcqMethod T015PPB8.M 
597JA ~~3:J 
lOOce IS,50cc,AS16,2168,TOl5.mpt 







, .• - ~-." , I ""r'"r ...... ~"' 


















MSD,Dig Gas,121409,Tra~n #4,35-300amu @4.64mi 
6 Sample Multiplier: 30 
Jan 07 11:00:02 2010 
C:\msdchem\1\METHODS\T015ppbB.M 
TOI4/TOI5 Volatile Compounds 












2) Freon 22 (CLF2Methane) 
3) Freon 12 (C12F2MeChane) 
4) Chloromethane 
5) Freon 114 (C12F4Ethane) 
6) Vinyl Chloride 




11) Freon 11 (Cl3Fmethanel 
12l Acrylonitrile 
13) 1,1-Dichloroechene 
14) Methylene Chloride 
15) Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
17) Carbon Disulfide 
18) Trans-1,2-Dichlorothene 
191 1,I-Dichloroethane 
20) Methyl T-Butyl Ether ( .. . 
21) Methyl Ethyl Ketone(2- .. . 





2B) Dibromofluoromethane I. 
29) 1,2- Dichloroethane 
301 1.1,1-Trichloroethane 
31) 1,1- Dichloropropene 
32) Benzene 




37) Ethyl Acrylate 
38) Bromodichloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) cis-l,3-Dichloropropene 
42) Methyl Isobutyl Ketone 
43) Methyl Cyclohexane 
44) trans-1,3-Dichloropropene 

































































































































































































'46) Toluene-dS (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 
































































































































(#) = qualifier out of range 1m) = manual integration (+) = signals summed 




























IC Dec 2009 2:55 pm uSing AcqMethod T015PPB8.M 
59731-\ MSD 
100ce IS,50cc,ASI5,2165,T015.mpt 



















I ' . __ .. .,.... '-..- .. _. 

















MSD,NaCGas.12l509, Train #4,35-300amu ®4.64mi 
: 7 Sample Multiplier: 30 
Quant Time: Jan 07 10:49:10 2010 
Quant Method C:\msdchem\1\METHODS\TOI5ppb8.M 
Quant Title T014/TOI5 Volatile Compounds 
QLast Update Fri Dec 11 10:00:41 2009 
Response via Continuing Cal File: C:\msdchem\1\DATA\12162009\A1216-02.D 
Internal Standards R.T. Qlon Response Cone Units Dev(Min) 
l) 1,4-Difluorobenzene 10.298 114 4579337 4,12 ppbv 0,01 
53 ) Chlorobenzene-d5 16,113 62 2109400 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane 8.235 128 963705 4.24 ppbv 0.01 
64) p-Bromofluorobenzene 18.601 174 2102353 4.06 ppbv 0.00 
Target Compounds Qvalue 
2) Freon 22 (CLF2Methane) 0.000 67 0 N.D. d 
3 ) Freon 12 (C12F2Methane) 0_000 85 0 N.D. d 
4 ) Chloromethane 4_360 SO 49669 7.93 ppbv 96 
5) Freon 114 (C12F4Ethanel 0.000 85 a N.D. d 
6) Vinyl Chloride O. 000 62 a N.D. 
7) 1, 3- Butadiene 4,658 54 278833m 45.45 ppbv 
81 Bromomethane 0.000 94 0 N.D_ 
9) ChI oro ethane 0.000 64 a N.D. 
10) Acetone 5_540 58 1742866m 354.26 ppbv 
11) Freon 11 iC13Fmethane) 0.000 101 a N.D. d 
12) Acrylonitrile 0.000 53 0 N.D. d 
13) 1,1-Dichloroethene 0.000 96 0 N.D. 
14) Methylene Chloride 6.258 84 31089 3.19 ppbv 93 
15) Methyl Acetate 0.000 43 a N.D. d 
16) Freon 113 (Cl3F3Ethane) 0.000 101 a N.D. d 
17) Carbon Disulfide 6.562 76 190349 6.82 ppbv 98 
18) Trans-1,2-Dichlorothene 0.000 96 0 N.D. 
19) 1,1-Dichloroethane 0.000 63 0 N.D. 
20} Methyl T-Butyl Ether (_ .. O. 000 73 0 N.D. d 
21 ) Methyl Ethyl Ketone (2- ... 7.712 43 1292433 69.03 ppbv 96 
22) Chloroprene(2-Cl-1,3-B ... 0.000 88 0 N_D_ 
23) cis-1,2-Dichloroethene 0.000 96 a N.D. 
25) Hexane 0.000 57 0 N.D. d 
26) Chloroform 0.000 83 0 N.D. d 
27) 2,2-Dichloropropane 0.000 77 a N.D. d 
28) Dibromofluoromethane i ... 0.000 III a N.D. 
29) 1#2- Dichloroethane 0.000 62 0 N.D_ 
30) 1,1,1-Trichloroethane 0.000 97 a N.D. d 
31) 1, 1- Dichloropropene 0.000 75 a N.D. 
32) Benzene 9.920 78 1771934 59.07 ppbv 99 
33) Carbon T2trachloride 0.000 l17 N_D. d 
34) Cyclohexane 0.000 84 N.D. d 
35) Dibromomethane 0.000 174 0 N.D. 
36) 1,2-Dichloropropane 0.000 63 N.D. 
17) Ethyl Acrylate 0.000 55 a N.D. 
38) Bromodichloromethane 0.000 83 0 N.D. d 
39) Trichloroethene 0.000 132 a N.D. 
40) Methyl Methacrylate 0.000 69 0 N.D. 
41) ciS-1,3-Dichloropropene 0.000 75 a N.D. 
42) Methyl Isobutyl Ketone 0.000 58 0 N.D. 
43) Methyl Cyclohexane 0,000 98 a N.D. 




46) Toluene-dB (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone (2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2 -Tetrachloroethane 
62) a-Xylene 11,2 -Dimethyl .. 















79) 1,2-Dibromo-3-chloropr ... 
BO) 1,2,4-Trichlorobenzene 




















































































































(#) • qualifier out of range (m) • manual integration (+1 ; signals summed 








16 Dec 2009 
5g73A MSD 
3:43 pm using AcqMethod T015PPBB.M 
Sampl~ Name: l00cc :S,50cc,AS16,2166,701S.mpt 
Mise Info MSD, Dig C;,".~, 121509, Trai" #4,35-300amu @4.64mi 

















































































16 Dec 2009 
JM 
3: 43 pm 
(QT Reviewed) 
lOOcc IS,50cc,AS16,2166,TOI5.mpt 
~1SD,Dig Gas,121509,Train #4,35-300amu @4.64mi 
8 Sample Multiplier: 30 
Jan 07 10;33;31 2010 
C;\msdchem\1\METHODS\TOlSppb8.M 
TOI4/TOlS Volatile Compounds 





Response via Continuing Cal File: C:\msdchem\1\DATA\12l62009\AI216-02.D 
Internal Standards R.T. OIon Response Conc Units Dev(Min) 
1 ) 1.4-Difluorobenzene 10.291 114 4374419 4 .12 ppbv O. 00 
53) Chlorooen2ene-d5 16.113 82 1900218 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane 8.229 128 947808 '1.14 ppbv 0.00 
64) p-Bromofluorobenzene 18.607 174 1923446 4.26 ppbv 0.00 
Target compounds Qvalue 
2) Freon 22 (CLF2Methane) 0.000 67 a N.D. 
3 ) Freon 12 (C12F2Methane) 0.000 85 a N.D. d 
4 ) Chloromethane 4.360 50 44707 6.76 ppbv 99 
5) Freon 114 (C12 F4Ethane) 0.000 65 a N.D. 
6) Vinyl Chloride 0.000 62 0 N.D. 
7) 1.3- Butadiene 4.652 54 2:l9639m 36.42 ppbv 
8 ) Bromomethane 0.000 94 a N.D. 
9) Chloroethane 0.000 64 0 N.D. 
10) Acetone 5.546 58 1125526m 230.30 ppbv 
11) Freon 11 (C13Fmethane) 0.000 101 0 N.D. 
12) Acrylonitrile O. 000 S3 0 N.D. d 
13) 1,1-Dichloroethene 0.000 96 0 N.D. 
14 ) Methylene Chloride 6.264 84 29253 2.80 ppbv 94 
15) Methyl Acetate 0.000 43 0 N.D. 
16) Freon 113 (C13F3Ethane) 0.000 101 a N.D. 
17) Carbon Disulfide 6.562 76 154094 5.28 ppbv 99 
18) Trans-1,2-Dichlorothene 0.000 96 a N.D. 
19 ) 1,1-Dichloroethane 0.000 63 0 N.D. 
20) Methyl T-Butyl Ether ( . 0.000 73 0 N.D. d 
21 ) Methyl Ethyl Ketone(2- . 7.724 43 854327 45.45 ppbv 100 
22) ChloropreneI2-Cl-1,3-B. 0.000 88 0 N.D. 
23 ) cis-l,2-Dichloroethene o.oao 96 a N.D. 
25) Hexane 0.000 57 a N.D. d 
26) Chloroform 0.000 83 a N.D. d 
27) 2.2-Dichloropropane 0.000 77 0 N.D. 
281 Dibrornofluoromethane ( ... 0.000 111 a N.D. 
29) 1,2- Dichloroethane 0.000 62 a N.D. 
30) 1.1,I-Trichloroethane 0.000 97 0 N.D. 
31) 1.1- Dichloropropene 0.000 75 0 N.D. 
32) Benzene 9.920 78 1307169 43.48 ppbv 100 
33) Carbon Tetrachloride 0.000 117 0 N.D. 
34) Cyclohexane 0.000 64 0 N.D. d 
35) Dibromomethane 0.000 174 a N.D. 
36) 1,2-Dichloropropane 0.000 63 a N.D. 
37) Ethyl Acrylate 0.000 55 a N.D. 
38) Bromodichloromethane 0.000 83 0 N.D. 
39) Trichloroethene 0.000 132 0 N.D. 
40) Methyl Methacrylate 0.000 69 a N.D. 
41) cis-l/3-Dichloropropene 0.000 75 a N.D. 
421 Methyl Isobutyl Ketone O. 000 58 a N.D. 
431 Methyl Cyc10hexane 0.000 98 a N.D. 
441 trans-l/3-Dichloropropene o. a DO 75 0 N.D. 
91 
----.--~- -------------_ .. _----
45) 1,l,2-Trichloroethane 
461 Toluene-dB (SMCI 
47) Toluene 
48) 1,3-Dichloropropane 
491 Methyl Butyl Ketonei2- ... 
50) Dibromochloromechane 
51) 1,2- Dibromoethane 
521 Tetrachloroethene 
541 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) styrene 
61) 1,1,2,2-Tetrachloroethane 









































































































































































{#) ~ qualifier out of range (m) = manual integration (+) ~ signals summed 
















MSD,NatGas,121609, Train #4,3S-300amu @4.64mi 
4 Sample MUltiplier: 30 
07 12:06:12 2010 
C:\msdchem\1\METHODS\T015ppb8.M 
T014/T015 Volatile Compounds 
Thu Jan 07 11:31:33 2010 












2) Freon 22 (CLF2Methane) 
3) Freon 12 (Cl2F2Methane) 
4) Chloromethane 
5) Freon 114 (C12F4Ethane) 
6) Vinyl Chloride 




11) Freon 11 (C13Fmethane) 
12) Acrylonitrile 
13) 1,I-Dichloroethene 
14) Methylene Chloride 
15) Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
17) Carbon Disulfide 
18) Trans-1,2-Dichlorothene 
19) l,l-Dichloroethane 
20) Methyl T-Butyl Ether i .. . 
21} Methyl Ethyl Ketone(2· .. . 





28) Dibromofluoromethane ( ... 
29) 1,2- Dichloroethane 
30) 1,1,1-Trichloroethane 
31) 1,1- Dichloropropene 
32) Benzene 




37) Ethyl Acrylate 
38) Bromodiehloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) cis-1,3-Dichloropropene 
42) Methyl Isobutyl Ketone 
43) Methyl Cyclohexane 
44) trans-l,3-Dichloropropene 















































































































4.12 ppbv 0.00 
4.16 ppbv 0.00 
4.10 ppbv 0.00 
















































46) Toluene-dB ISMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl KetoneI2- ... 
50) DibromDchloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe. 
551 Chlorobenzene 
561 Ethylbenzene 
57) 1m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 

































































































































(#) = qualifier out of range 1m} a manual integration (+) = signals summed 












4 Jan 2010 1:13 pm using AcqMethod T015PPB8.M 
S973A MSD 
100cc IS,50cc,AS16,2172,T01S.mpt 
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'I Jan 2010 
JM 
1: 13 pm 
IQT Reviewed) 
100ec IS,50cc,AS16,2172,T015.mpc 
MSD,Dig Gas,121609,Train U4,35-300amu @'I.64mi 
5 Sample Multiplier: 30 
Jan 07 12:31:54 2010 
C:\msdchem\1\METHODS\TOI5ppb8.M 
T014/T015 Volatile Compounds 




Response via Continuing Cal File: C:\msdchem\I\DATA\01042010\AOI04-02.D 
Internal Standards R.T. Qlon Response Cone Units Dev(Min) 
1) 1,4-Difluorobenzene 10.281 114 3690482 4.12 ppbv 0.00 
53) Chlorobenzene-d5 16.102 82 1624073 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane 8.218 128 791606 3.96 ppbv 0.01 
64) p-Bromofluorobenzene 18.597 174 1492476 4.04 ppbv 0.00 
Target Compounds Qvalue 
2) Freon 22 (CLF2Methane) 0.000 67 a N.D. 
3) Freon 12 (C12F2Methane) 0.000 85 a N.D. 
4) Chloromethane 4.343 50 33096m 5.34 ppbv 
5) Freon 114 (C12F4Ethane) 0.000 85 0 N.D. 
6) Vinyl Chloride 0.000 62 a N.D. 
7) 1,3- Butadiene 4.605 54 38218m 6.19 ppbv 
8) Bromomethane 0.000 94 a N.D. 
9) Chloroethane 0.000 64 0 N.D. 
10) Acetone 5.523 58 948189m 208.36 ppbv 
11) Freon 11 (C13Frnethane) 0.000 101 a N.D. 
12) Acrylonitrile 0.000 53 0 N.D. d 
13) 1,1-Dichloroethene 0.000 96 a N.D. 
14) Methylene Chloride 0.000 84 a N.D. d 
15) Methyl Acetate 0.000 43 a N.D. d 
16) Freon 113 (C13F3Ethane) 0.000 101 a N.D. 
17) Carbon Disulfide 6.545 76 123715m 4.58 ppbv 
18 ) Trans-1,2-Dichlorothene 0.000 96 a N.D. 
19) 1,1-Dichloroethane 0.000 63 0 N.D. 
20) Methyl T-Butyl Ether ( ... 0.000 73 a N.D. 
21) Methyl Ethyl Ketone (2- ... 7.689 43 706539 40.30 ppbv 99 
22) Chloroprene(2-Cl-1,3-B ... 0.000 88 0 N.D. 
231 cis-l,2-Dichloroethene 0.000 96 a N.D. 
25) Hexane 0.000 57 a N.D. 
26) Chloroform 0.000 83 a N.D. 
27) 2,2-Dichloropropane 0.000 77 a N.D. 
2 e) Dibromofluoromethane ( ... 0.000 111 a N.D. 
29) 1,2- Dichloroethane 0.000 62 0 N.D. 
30) l,l,l-Trichloroethane 0.000 97 0 N.D. 
311 1,1- Dichloropropene 0.000 75 0 N.D. 
32) Benzene 9.903 78 1279848 47.70 ppbv 99 
33) Carbon Tetrachloride 0.000 117 0 N.D. 
34) Cyclohexane 0 . 000 84 a N.D . d 
35) Dibromomethane 0.000 174 0 N.D. 
36) 1,2-Dichloropr opane 0.000 63 0 N.D. 
37) Ethyl Acrylate 0.000 55 0 N.D. 
3 B) Bromodichloromethane 0.000 83 0 N.D. 
39) Trichloroethene 0.000 132 a N.D. 
40) Methyl Methacrylate 0.000 69 0 N.D. 
41) cis-l,3-Dichloropropene 0.000 75 0 N.D. 
42) Methyl Isobutyl Ketone 0.000 58 a N.D. 
43) Methyl Cyclohexane 0.000 98 0 N.D. 
44) tranS-l,3-Dichloropropene 0.000 75 0 N.D. 
97 
~5) 1,1,2-Trichloroethane 
46) Toluene-dB (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 





































































































































(~) • qualifier out of range (m) ~ manual integration (+) ~ signals summed 








































200000 ' ... 
59731'1 MSD 
100ee IS,50cc,AS15,2169,T015.mpt 




































MSD,NatGas,121709, Train #4,35-300amu @4.64mi 
6 Sample Multiplier: 30 
Quant Time: Jan 07 12:26:35 2010 
Quant Method C:\msdchem\1\METHODS\T01Sppb8.M 
Quant Title T014/T01S Volatile Compounds 
QLast update Thu Jan 07 11:31:33 2010 
Response via continuing Cal File: c:\medchem\1\DATA\01042010\A0104-02.D 
Internal Standards R.T. QIon Response Cone Units Dev(Min) 
1) 1,4-Difluorobenzene 10.280 114 3441780 4.12 ppbv 0.00 
53) Chlorobenzene-d5 16.102 82 1494442 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane 8.217 128 769225 4.13 ppbv 0.01 
64) p-Bromofluorobenzene 18.596 174 1397469 4.11 ppbv 0.00 
Target Compounds Qvalue 
2) Freon 22 (CLF2Methane I 0.000 67 0 N.D. 
3) Freon 12 (Cl2F2Methane) 0.000 85 N.D. 
4) Chloromethane 4.342 50 4611m 0.80 ppbv 
5) Freon 114 (Cl2F4Ethane) 0.000 85 0 N.D. 
6) Vinyl Chloride 0.000 62 0 N.D. 
7) 1,3- Butadiene 4.640 54 2S339m 4.92 ppbv 
8) Bromomethane 0.000 94 a N.D. 
9) Chloroethane 0.000 64 N.D. 
10) Acetone 5.528 58 553224m 130.35 ppbv 
11) Freon 11 (C13Fmethane) 0.000 101 0 N.D. 
12) Acrylonitrile 0.000 53 0 N.D. 
13) 1,1-Dichloroethene 0.000 96 0 N.D. 
14) Methylene Chloride 6.234 84 22895m 2.61 ppbv 
15) Methyl Acetate 0.000 43 a N.D. 
16) Freon 113 (C13F3Ethane) 0.000 101 0 N.D. 
17) Carbon Disulfide 6.544 76 41212m 1. 64 ppbv 
18) Trans-1,2-Dichlorothene 0 .000 96 a N.D. 
19) 1,I-Dichloroethane 0.000 63 0 N.D. 
20 ) Methyl T-Butyl Ether ( ... 0.000 73 a N.D. 
21) Methyl Ethyl Ketone (2- ... 7.700 43 279236 17.08 ppbv 98 
22) Chloroprene(2-Cl-l,3-B ... 0.000 88 0 N.D. 
23) cis-1,2-Dichloroethene 0.000 96 0 i N.D. 
25) Hexane 0.000 57 ,-,0 I N.D. 
26) Chloroform 0.000 :' 0';' 
I 
83 N.D. 
27) 2,2-Dichloropropane 0.000 77 '--0 N.D. 
28) Dibromofluoromethane (. 0.000 111 0 N.D. 
29) 1,2- Dichloroethane 0.000 62 a N.D. 
30) 1,1, I-Trichloroethane 0.000 97 0 N.D. 
31) 1,1- Dichloropropene 0.000 75 0 N.D. 
32) Benzene 9.909 78 386198 15.43 ppbv 99 
33) Carbvn Tetrachloride 0.000 117 a N.D. 
34) Cyclohexane 0.000 84 0 N.D. d 
35) Dibromomethane 0.000 174 0 N.D. 
36) 1,2-Dichloropropane 0.000 63 0 N.D. 
37) Ethyl Acrylate 0.000 55 0 N.D. 
38 ) Bromodichloromethane 0.000 83 0 N.D. 
39) Trichloroethene 0.000 132 a N.D. 
40 ) Methyl Methacrylate 0.000 69 0 N.D. 
41) cis-l,3-Dichloropropene 0.000 75 0 N.D. 
42) Methyl Isobutyl Ketone 0.000 58 a N.D. 
43 ) Methyl Cyclohexane .000 98 0 N.D. 
44 ) trans-l,3-Dichloropropene O. 000 75 0 N.D. 
100 
45) 1,1,2-Trichloroethane 
46) Toluene-de (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 











































































































































































(#) ~ qualifier out of range (m) = manual integration (+) = signals summed 
TOl5ppba.M Thu Jan 07 12:26:53 2010 














































































MSD,Dig Gas, 121709,Train ~4,35-300amu @4.64mi 
7 Sample Multiplier: 30 
Jan 07 12:37:28 2010 
C:\msdchem\1\METHODS\T015ppbB.M 
T014/T015 Volatile Compounds 




Response via Continuing Cal File: c:\msdehem\1\DATA\01042010\AOI04-02.D 
Internal Standards R.T. Qlon Response Cone Units Dev(Min) 
1) l,4-Difluorobenzene 10.280 114 3460041 4.12 ppbv 0.00 
53) Chlorobenzene-d5 16.101 82 1523878 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromoehloromethane 8.217 128 739906 3.95 ppbv 0.01 
64) p-Bromofluorobenzene 18.596 174 1440938 4.15 ppbv 0.00 
Target Compounds Qvalue 
2) Freon 22 (CLF2Methane) 0.000 67 N.D. 
3) Freon 12 (Cl2F2Methane) 0.000 85 a N.D. d 
4) Chloromethane 4.348 50 20583 3.54 ppbv 96 
5) Freon 114 (Cl2F4Ethane) 0.000 85 N.D. 
6) vinyl Chloride 0.000 62 N.D. 
7) 1,3- Butadiene 4.640 S4 65554m 11. 33 ppbv 
5) Bromomethane 0.000 94 0 N.D. 
9) Chloroethane 0.000 64 0 N.D. 
10) Acetone 5.534 58 756058m 177.20 ppbv 
11) Freon 11 (C13Fmethane) 0.000 101 a N.D. 
12) Acryloni trUe 0.000 53 0 N.D. d 
13) 1,1-Dichloroethene 0.000 96 0 N.D. 
14) Methylene Chloride 0.000 84 a N.D. d 
15) Methyl Acetate 0.000 43 0 N.D. 
16) Freon 113 (C13F3Ethane) 0.000 101 a N.D. 
17) Carbon Disulfide 6.550 76 71368m :2.82 ppbv 
18) Trans-1,2-Diehlorothene 0.000 96 0 N.D. 
19) l,l-Dichloroethane 0.000 63 a N.D. 
20) Methyl T-Butyl Ether ( ... 0.000 73 a N.D. 
21} Methyl Ethyl Ketone(2- ... 7.700 43 520248 31.65 ppbv 99 
22 ) Chloroprene{2-Cl-l,3-B ... 0.000 88 a N.D. 
231 cis-l,2-Dichloroethene 0.000 96 a N.D. 
25) Hexane O,QOO 57 0 N.D. 
26) Chloroform 0,000 83 0 N.D. d 
27) 2,2-Dichloropropane 0.000 77 a N.D. 
28) Dibromofluoromethane (. .. 0.000 111 0 N.D. 
29) 1,2- Dichloroethane 0.000 62 0 N.D, 
30) 1,1,1-Trichloroethane 0_000 97 0 N.D, 
31) 1,1- Dichloropropene 0.000 75 0 N.D. 
32 ) Benzene 9.902 78 948056 37.68 ppbv 99 
33 ) Carbon Tetrachloride 0.000 117 a N.D. 
34) Cyclohexane 0.000 84 a N.D. d 
35) Dibromomethane 0.000 174 a N.D. 
36) 1,2-Diehloropropane 0.000 63 0 N.D. 
37 ) Ethyl Acrylate 0,000 55 a N.D. 
38 ) Bromodiehloromethane 0.000 83 a N.D. 
39) Trichloroethene 0.000 132 a N.D. 
40) Methyl Methacrylate 0.000 69 0 N.D. 
411 eis-l,3-Dichloropr opene 0.000 75 a N.D. 
42) Methyl Isobutyl Ketone 0.000 58 0 N.D. 
43) Methyl Cyclohexane 0,000 98 0 N.D. 
44) trans-1,3-Dichloropropene 0,000 75 a N.D. 
103 
45} 1,1,2~Trichloroethane 
46) Toluene-de (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) 1m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1.2,2-Tetrachloroethane 































































































































(#) - qualifier out of range (m) - manual integration (+) = signals summed 

























4 Jan 2010 3:43 pm using AcqMethod T015PPB8.M 
5973A MSD 
100cc IS, 50CC,AS15, ;l:24, 1'015 .mpt 



























MSD,NatGas,121809, Train #4,35-300amu @4.64mi 
8 Sample Multiplier: 30 
Quant Time: Jan 07 12:44:11 2010 
Quant Method C:\msdchem\1\METHODS\TOlSppb8.M 
Quant Title T014/T015 Volatile Compounds 
QLast update Thu Jan 07 11:31:33 2010 
Response via Continuing Cal File: C:\msdchem\1\DATA\01042010\A0104-02.D 
Internal Standards R.T. Qlon Response Cone units Dev(Min) 
I) l,4-Difluorobenzene 10.281 114 3191569 4.12 ppbv 0.00 
53) Chlorobenzene-d5 16.102 82 1405323 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane 8.218 128 672534 3.89 ppbv 0.01 
64) p-Bromofluorobenzene 18.597 174 1286566 4.02 ppbv 0.00 
Target Compounds Qvalue 
2) Preon 22 (CLF2Methane) 0.000 67 N.D. d 
3) Freon 12 (Cl2F2Methane) 0.000 85 N.D. d 
4) Chloromethane 4.349 50 13899m 2.59 ppbv 
5) Freon 114 (Cl2F4Ethane) 0.000 85 a N.D. 
6) Vinyl Chloride 0.000 62 a N.D. 
7) 1,3- Butadiene 4.647 54 21707m 4.07 ppbv 
8) Bromomethane 0.000 94 0 N.D. 
9) Chloroethane 0.000 64 a N.D. 
10) Acetone 5.542 58 580622m 147.53 ppbv 
11) Freon 11 (C13 Fmethane) 0.000 101 0 N.D. 
12) Acrylonitrile 0.000 53 0 N.D. d 
13) 1,1-Dichloroethene 0.000 96 a N.D. 
14) Methylene Chloride 0.000 84 a N.D. d 
15) Methyl Acetate 0.000 43 0 N.D. 
16) Freon 113 (C13F3Ethane) 0.000 101 0 N.D. 
17) carbon Disulfide 6.551 76 34999m 1.50 ppbv 
181 Trans-1,2-Dichlorothene 0.000 96 a N.D. 
19) l,l-Dichloroethane 0.000 63 0 N.D. 
20) Methyl T-Butyl Ether (. 0.000 73 0 N.D. 
21) Methyl Ethyl Ketone (2 - ... 7.719 43 221020 14.58 ppbv 99 
22) Chloroprene(2-Cl-1,3-B ... 0.000 88 0 N.D. 
23) cis-1,2-Dichloroethene 0.000 96 0 N.D. 
25) Hexane 0.000 57 a N.D. 
26) Chloroform 0.000 83 0 N.D. 
27) 2,2-Dichloropropane 0.000 77 a N.D. 
28) Dibromofluoromethane ( ... 0.000 111 N.D. 
29) 1,2- Dichloroethane 0.000 62 N.D. 
30) l,l,l-Trichloroethane 0.000 97 a N.D. 
31) 1,1- Dichloropropene 0.000 75 a N.D. 
32) Benzene 9.909 78 322095 13.88 ppbv 97 
33) Carbon Tetrachloride 0.000 117 a N.D. 
341 Cyclohexane 0.000 84 a N.D. d 
35) Dibromomethane 0.000 174 a N.D. 
36) l,2-Dichloropropane 0.000 63 a N.D. 
37) Ethyl Acrylate 0.000 55 a N.D. 
38) Bromodichloromethane 0.000 83 a N.D. 
39) Triehloroethene 0.000 132 0 N.D. 
40) Methyl Methacrylate 0.000 69 a N.D. 
41) cis-l,3-Dichloropropene 0.000 75 a N.D. 
42) Methyl Isobutyl Ketone 0.000 58 0 N.D. 
43 ) Methyl Cyclohexane 0.000 98 a N.D. 
44) trans-1,3-Dichloropropene 0.000 75 0 N.D. 
106 
45) 1,1,2-Trichloroethane 
46) Toluene-dS (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- DibrOmoethane 
52) Tetrachloroethene 
541 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) 1m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 





































































































































































(#) ~ qualifier out of range (m) ~ manual integration (+) • signals summed 
































4 Jan 2010 4:31 pm using AcqMethod TOlSPPB8.M 
5973A MSD 
lOOcc IS,SOcc,AS16,6445,T015.mpt 










" i: 28.512 
25914 
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MSD,Dig Gas,121809,Train #4,3S-300amu @4.64mi 
9 Sample Multiplier: 30 
07 11:43:29 2010 
C:\msdchem\1\METHODS\T015ppb8.M 
T014/T015 Volatile Compounds 
Fri Dec 11 10:00:41 2009 




Response via Continuing Cal File: c:\msdchem\1\DATA\12162009\AI216-02.D 
Internal Standards R.T. Qlon Response Cone Units Dev(Min) 
1) 1,4-Difluorobenzene 10.286 114 3353582 4.12 ppbv 0.00 
53) Chlorobenzene-d5 16.107 92 1469472 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromoehloromethane e.229 128 719588 4.32 ppbv 0.00 
64) p-Bromofluorobenzene 18.602 174 1355804 3.76 ppbv 0.00 
Target Compounds Qvalue 
2 ) Freon 22 (CLF2Methanel 0.000 67 0 N.D. 
3 ) Freon 12 (C12F2Methane) 0.000 85 a N.D. d 
4) Chloromethane 4.354 50 16783m 3.66 ppbv 
5 ) Freon 114 (C12F4Ethane) 0.000 85 a N.D. 
6) Vinyl Chloride 0.000 62 a N.D. 
7 ) 1,3- Butadiene 4.652 54 41619m 9.27 ppbv 
8) Bromomethane 0.000 94 0 N.D. 
9) Chloroethane 0.000 64 0 N.D. 
10) Acetone 5.553 58 522566m 145.04 ppbv 
11) Freon 11 (C13Fmethane) 0.000 101 0 N.D. 
12) Acryloni trile 0.000 53 0 N.D. d 
13) 1,1-Dichloroethene 0.000 96 0 N.D. 
14) Methylene Chloride 6.252 84 21451m 3.01 ppbv 
15) Methyl Acetate 0.000 43 0 N.D. 
16) Freon 113 (C13F3Ethane) 0.000 101 a N.D. 
17) Carbon Disulfide 6.556 76 46337m 2.27 ppbv 
19) Trans-1,2-Diehlorothene 0.000 96 0 N.D. 
19) 1,I-Dichloroethane 0.000 63 0 N.D. 
20) Methyl T-Butyl Ether ( ... 0.000 73 0 N.D. 
21) Methyl Ethyl Ketone(2- ... 7.724 43 352732 25.72 ppbv 98 
22) Chloroprene(2-Cl-l,3-B ... 0.000 88 0 N.D. 
23) cis-l,2-Dichloroethene 0.000 96 0 N.D. 
25) Hexane 0.000 57 0 N.D. 
26) Chloroform 0.000 83 0 N.D. d 
27) 2,2-Dichloropropane 0.000 77 0 N.D. 
28) Dibromofluoromethane ( ... 0.000 111 0 N.D. 
29) 1,2- Dichloroethane 0.000 62 0 N.D. 
30) 1,1,1-Trichloroethane 0.000 97 0 N.D. 
31) 1,1- Dichloropropene 0.000 75 N.D. 
32) Benzene 9.908 78 670291 30.51 ppbv 99 
33) Carbon Tetrachloride 0.000 117 N.D. 
34) Cyclohexane 0.000 84 0 N.D. d 
35) Dibromomethane 0.000 174 a N.D. 
36) 1,2-Dichloropropane 0.000 63 0 N.D. 
37) Ethyl Acrylate 0.000 55 a N.D. 
38) Bromodichloromethane 0.000 83 0 N.D. 
39) Trichloroethene 0.000 132 0 N.D. 
40) Methyl Methacrylate 0.000 69 0 N.D. 
41) cis-1,3-Dichloropropene 0.000 75 a N.D. 
42) Methyl Isobutyl Ketone 0.000 58 0 N.D. 
43) Methyl Cyelohexane 0.000 98 0 N.D. 
44) trans-1,3-Dichloropropene 0.000 75 a N.D. 
109 
45) 1,1,2-Trichloroethane 
46) Toluene-dB (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2-". 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe.,. 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 



































































































































- -- -- --- --- --- - ---- --- - - --- - ---- - - - --- --- - - -~ --- --- --- ---- ---- ---- - --- ----
I~) • qualifier out of range 1m) • manual in~egration (+) • signals summed 
T01Sppba,M Thu Jan 07 11:45,03 2010 
110 




























23 Mar 2010 
,,9731\ MSD 
11:05 a,', l,scng AcqMethod T015PPB8.M 
1000c IS.500cc.AS15,6458,T015.mp~ 









......... _ ... _J".'~_,+- ',,_ ,,,_~:,!:,,.~---,,----___ --...:\_,_._~J' ____ ~ __________ '.';"r ._. __ ~~ 
















Sample Date, 022610, FB MSD. 
3 Sample Multiplier, 1 
Mar 23 11:58:08 2010 
C:\msdchem\1\METHODS\T015ppb8.M 
T014/T015 Volatile Compounds 













2) freon 22 ICLF2Methane) 
3) Freon 12 (C12F2Methane) 
4) Chloromethane 
5) Freon 114 (C12F4Ethane) 
6) Vinyl Chloride 




11) Freon 11 IC13Fmethane) 
12) Acrylonitrile 
13) l,l-Dichloroethene 
14) Methylene Chloride 
15) Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
17) Carbon Disulfide 
18) Trans-l,2-Dichlorothene 
19) 1,1-Dichloroethane 
20) Methyl T-Butyl Ether I .. . 
211 Methyl Ethyl Ketone(2- .. . 





28) Dibromofluoromethane ( ... 
29) 1,2- Dichloroethane 
30) 1,1,I-Trichloroethane 
31) 1,1- Dichloropropene 
32) Benzene 




37) Ethyl Acrylate 
38) Bromodichloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) Cis-l,3-Dichloropropene 
42) Methyl Isobutyl Ketone 
43) Methyl Cyclohexane 
44) tranS-l,3-Dichloropropene 






























































































4.12 ppbv 0.00 
4.16 ppbv 0.00 
4.49 ppbv 0.00 












































._----------_ .. _-----. 
45) 1,1,2-Trichloroethane 
46) Toluene-d8 iSMC) 
471 Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketonei2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 




























































































































(~) qualifier out of range (m) ~ manual integration (+) = signals summed 













































23 Mar 2010 12:39 pm using AcqMethod T015PPB8.M 
5973A MSD 
100ce IS,50cc,AS15,6437,T015.mpt 










I "'T~ T---,-,---r-T'r'-~ ", . I ' ' - I I l",··'"r···· '-l'-' ····r· "' "" .. . I '" 
4.00 6.00 8.00 1O.QO_. :L;uJ9 ___ 1~J1!L.Je.OQ 18.00 20.00 22.00. ?4,OO._.~.9<!. _~,Q!L~.OO .. 32.09._~~QQ ... 
114 
Quantitation Report (QT Reviewed) 
C:\msdehem\1\DATA\03232010\ 
0323-05.0 










Sample Date: 022610,Site: DigesterTRN #1, MSD 
5 Sample MUltiplier: 30 
24 16:39:36 2010 
C:\msdchem\1\METHODS\T015ppb8.M 
T014/T015 Volatile Compounds 
Tue Mar 23 11:48:01 2010 












2) Freon 22 (CLF2Methane) 
3) Freon 12 (C12F2Methane) 
4) Chloromethane 
5) Freon 114 (CI2F4Ethane) 
6) Vinyl Chlorid" 




111 Freon 11 (C13Fmethane) 
12) Acrylonitrile 
13) 1,1-Dichloroeth"ne 
14) Methylene Chloride 
15) Methyl Acetate 
16) Preon 113 (Cl3F3Ethane) 
17) Carbon Disulfide 
18) Trans-l,2-Dichlorothene 
19) 1,1-Dichloroethane 
20) Methyl T-Butyl Ether ( ... 
21) Methyl Ethyl Ketone(2- ... 





28) Dibromofluoromethane ( ... 
291 1,2- Dichloroethane 
30) 1,1,1-Triehloroethane 
311 1,1- Dichloropropene 
321 Benzene 




37 ) Ethyl Acrylate 
38) Bromodichloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) CiS-l,3-Dichloropropene 
42) Methyl Isobutyl Ketone 
43) Methyl Cyclohexane 
44) tranS-l,3-Dichloropropene 





























































































3495555 4.12 ppbv 0.00 
1725641 4.16 ppbv 0.00 
764966 4.23 ppbv 0.00 
1824425 4.10 ppbv 0.00 
Qvalue 
o N.D. 










































































46) Toluene-dB (SMC) 
47) Toluene 
4S) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
SO) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chloroben~ene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
5S) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 


































































































































(#) = qualifier out of range (m) = manual integration (+) & signals summed 






Acq'.Jired 23 Mar 2010 11:50 am using AcqMethod T015PPB8.M 












































I', 9,392j 99q3 
5,7($763 \ i! I 
4~69:1 h76 9'72~ 
~ :15,SSl4! ; i I 



















~I II,~ I ' 1 I ~ 
2 II I 
21.072 ~ I !I! i ~ 
I ,J" J 23 96~.,'i, 
17.677 21443 
I 1) 
' ....... ,_ ..... _._--------,---

















Sample Date: 022610,Site:NatGasTRN #4, MSD 
4 Sample Multiplier: 30 
Mar 24 16:32:36 2010 
C:\msdchem\1\METHODS\TOlSppb8.M 
T014/T015 Volatile Compounds 




Reeponse via Continuing Cal File: C:\msdchem\1\DATA\03232010\A0323-02.D 
Internal Standards R.T. Qron Response Cone Units Dev(Min) 
___ w _____________________________________________________________________ _ 
1) 1,4-Difluorobenzene 
53) Chlorobenzene-dS 




2) Freon 22 (CLF2Methane) 
3) Freon 12 (Cl2F2Methane) 
4) Chloromethane 
5) Freon 114 (Cl2F4Ethane) 
6) Vinyl Chloride 




11) Freon 11 (Cl3Fmethane) 
12) Acrylonitrile 
13) 1,1-Dichloroethene 
14) Methylene Chloride 
15) Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
17) Carbon Disulfide 
18) Trans-1,2-Dichlorothene 
19) 1,1-Dichloroethane 
20) Methyl T-Butyl Ether ( .. . 






28) Dibromofluoromethane ( ... 
29) 1,2- Dichloroethane 
3D) 1,1, I-TriChloroethane 
311 1,1- Dichloropropene 
32) Benzene 




37) Ethyl Acrylate 
38) Bromodichloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) ciB-1,3-Dichloropropene 
42) Methyl Isobutyl Ketone 





































































































































































































46) Toluene-dB (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 








































































































































































(#) ~ qualifier out of range (m) ; manual integration (+) = signals summed 

















































































Sample Date: 030510,DigesterTRN #1, MSD 
7 Sample Multiplier: 30 
Mar 25 09:25:12 2010 
C:\msdchem\1\METHODS\T015ppb8.M 
T014/T015 volatile Compounds 












2) Freon 22 (CLF2Methane) 
3) Freon 12 (C12F2Methane) 
4) Chloromethane 
5) Freon 114 (C12F4Ethane) 
6) Vinyl Chloride 




II) Freon 11 (C13Fmethane) 
12) Acrylonitrile 
13) 1,I-Diehloroethene 
14) Methylene Chloride 
IS) Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
17) carbon Disulfide 
18) Trans-l,2-Dichlorothene 
191 1,1-Dichloroethane 
20) Methyl T-Butyl Ether ( ... 
21) Methyl Ethyl Ketone (2- .. , 





28) Dibromofluoromethane ( .. 
29) 1,2- Dichloroethane 
30) 1,1,1-Trichloroethane 
31) 1,1- Dichloropropene 
32) Benzene 




37) Ethyl Acrylate 
38) Bromodichloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) ciS-1,3-Dichloropropene 
42) Methyl Isobutyl Ketone 
43) Methyl Cyclohexane 
44) trans-l,3-Dichloropropene 









O. 000 62 
4.634 54 














































































4.12 ppbv 0.00 
4.16 ppbv 0.00 
4.12 ppbv 0.00 














3.44 ppbv 92 
N.D. d 
N.D. 





























461 Toluene-d8 (SMCI 
471 Toluene 
481 l,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) l,l,2,2-Tetrachloroethane 











































































































































(#) ~ qualifier out of range (m) = manual integration (+) = signals summed 



































Time--> 4.00 6.00 
23 Mar 2010 1:27 pm using AcqMethod T015PPB8.M 
5973A MSD 
lOOcc IS,50cc,AS15,6455,T015.mpt 

















~21 t II~I\ 245, I .~:~ : ,"::i {fir. I' : 
;" 'i 
23 9:~~. I'~ f 
2~~'i ! 
23Q90 ,,' . .,' 
""';' .... ~ ~ -,J; ..... " J 


















Sample Date: 030510,Site: Site:NatGasTRN #4, 
6 Sample Multiplier: 30 
Mar 25 09:12:33 2010 
C:\msdchem\I\METHODS\T015ppb8.M 
TOI4/TOI5 Volatile Compounds 




Response via Continuing Cal File; C;\msdchem\1\DATA\03232010\A0323-02.D 
lnternal Standards R.T. Qlon Response Cone Units Dev(Min) 
11 1,4-Difluorobenzene 10.279 114 3355498 4.12 ppbv 0.00 
531 chlorobenzene-d5 16.101 82 1702387 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane 8.217 128 706818 4.07 ppbv 0.00 
641 p-Bromofluorobenzene 18.601 174 1842933 4.20 ppbv 0.00 
Target Compounds Qvalue 
21 Freon 22 (CLF2Methanel 0.000 67 a N.D. d 
31 Freon 12 (C12F2Methanel 0.000 85 0 N.D. d 
41 Chloromethane 4.341 50 137133 22.62 ppbv 98 
51 Freon 114 (Cl2F4Ethanel 0.000 8S a N.D. 
6) Vinyl Chloride 0.000 62 0 N.D. 
71 1,3- Butadiene 4.633 54 431939m 73.34 ppbv 
81 Bromomethane 0.000 94 a N.D. d 
91 Chloroethane 0.000 64 a N.D. d 
101 Acetone 5.509 58 1754771m 366.26 ppbv 
111 Freon 11 (C13Fmethane) 0.000 101 a N.D. 
12) Acrylonitrile 0.000 53 a N.D. d 
13 I 1,1-Dichloroethene 0.000 96 0 N.D. 
14) Methylene Chloride 6.233 84 36454 4.58 ppbv 89 
151 Methyl Acetate 0.000 43 0 N.D. d 
161 Freon 113 (C13F3Ethane) 0.000 101 0 N.D. 
171 Carbon Disulfide 6.544 76 142561 6.42 ppbv 97 
181 Trans-l,2-Dichlorothene 0.000 96 a N.D. 
191 l,l-Dichloroethane O. 000 63 0 N.D. 
20) Methyl T-Butyl Ether ( ... 0.000 73 a N.D. d 
211 Methyl Ethyl Ketone(2- ... 7.669 43 1441615 98.25 ppbv 97 
22) Chloroprene(2-Cl-l,3-B ... 0.000 88 a N.D. 
23 ) CiS-l,2-Dichloroethene 0.000 96 a N.D. 
251 j-!exane 0.000 57 a N.D. d 
26) Chloroform 0.000 83 a N.D. d 
271 2,2-Dichloropropane 0.000 77 a N.D. 
28) Dlbromofluoromethane ( ... 0.000 III a N.D. 
291 1,2- Dichloroethane 0.000 62 a N.D. 
301 1,1,I-Trichloroethane 0.000 97 0 N.D. 
311 1,1- Dichloropropene 0.000 75 a N.D. 
321 Benzene 9.902 78 1900565 83.72 ppbv 98 
331 Carbon Tetrachloride 0.000 117 0 N.D. 
341 Cyclohexane 0.000 84 a N.D. d 
351 Dlbromomethane 0.000 174 a N.D. 
361 1,2-Dichloropropane 0.000 63 0 N.D. 
371 Ethyl Acrylate 0.000 55 0 N.D. 
381 Bromodichloromethane 0.000 83 a N.D. d 
391 Trichloroethene 0.000 132 0 N.D. 
401 Methyl Methacrylate 0.000 69 0 N.D. 
411 cis-1,3-Dichloropropene 0.000 75 a N.D. 
421 Methyl Isobutyl Ketone 0.000 58 a N.D. 
431 Methyl Cyclohexane 0.000 98 0 N.D. 
44) trans-l,3-Dichloropropene 0.000 75 0 N.D. 
124 
45) l,l,Z-Trichloroethane 
46) Toluene-dB (SMC) 
47) Toluene 
48) l,3-Dichloropropane 
49) Methyl Butyl Ketone(Z-.,. 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chloroben~ene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
50} Styrene 
51) l,l,2,2-Tetrachloroethane 













































































































































































i#) : qualifier out of range (m) = manual integration i+) = signals summed 



















23 Mar 2010 3:49 pm using AcqMe~hod TOlSPPB8.M 
5973A MSD 
lOOee IS,500cc,AS15,6449,TOlS.mp~ 






















23 Mar 2010 
JM 










Sample Date: 031210,Site: DigesterTRN #4, MSD 
9 Sample M~ltiplier: 30 
Quant Time: Mar 25 09:37:33 2010 
Quant Method C:\msdchem\1\METHODS\TD15ppb8,M 
Quant Title T014!T015 Volatile Compounds 
QLast Update Tue Mar 23 11:48:01 2010 








2) Freon 22 (CLF2MethaneJ 
3) Freon 12 (C12F2MethaneJ 
4) Chloromethane 
5) Freon 114 (C12F4Ethane) 
6) Vinyl Chloride 




111 Freon 11 (C13Fmethane) 
12) Acrylonitrile 
131 1,1-Diehloroethene 
14) Methylene Chloride 
151 Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
17) Carbon Disulfide 
18) Trans-1,2-Dichlorothene 
19) 1,1~Diehloroethane 
20) Methyl T-Butyl Ether ( ... 
21) Methyl Ethyl Ketone(2-. 





281 Dibromofluoromethane ( ... 
291 1,2- Dichloroethane 
30) 1,1,1~Trichloroethane 
31) 1,1- Dichloropropene 
32) Benzene 




37) Ethyl Acrylate 
38) Bromodiehloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) cis-l,3-Dichloropropene 
42) Methyl Isobutyl Ketone 
43) Methyl Cyclohexane 
44) trans~1,3-Dichloropropene 






































































































































































































46) Toluene-dB ISMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone 12- ... 
SO) Dibromochloromethane 
51) 1,2- D1bromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) 1m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2 ··Tetrachloroethane 
































































































































































(#) • qualifier out of range 1m) = manual integration (+) = signals summed 








!-0j sc: T!',fo 

















23 Mar 2010 3:02 pm using AcqMethod T015PPB8.M 
5973A MSD 
lOOce IS,50cc,AS15,6447,T015.mpt 


















4;~2 8.218 9903 
: 5.716758 
I 7.670 




















23 Mar 2010 
JM 
3: 02 pm 
(QT Reviewed) 
100cc IS,50cC,AS15,6447,T015.mpt 
Sample Date: 031210,Site; NatGasTRN #4 
8 Sample Multiplier: 30 
25 09:32:29 2010 
C:\msdchem\1\METHODS\T015ppbS.M 
T014/T015 Volatile Compounds 
Tue Mar 23 11:48:01 2010 




Response via Continuing Cal File: C:\msdchem\1\DATA\03232010\A0323-02.D 
Internal Standards R.T. Qlon Response Cone Units Dev(Min) 
1) 1,4-Difluorobenzene 10.280 114 4564908 4.12 ppbv 0.00 
53) Chlorobenzene-dS 16.102 82 2055654 4.16 ppbv 0.00 
System Monitoring Compounds 
24) Bromochloromethane 8.218 128 1028208 4.35 ppbv 0.00 
64) p-Bromofluorobenzene 18.602 174 2321539 4.38 ppbv 0.00 
Target Compounds Qvalue 
2) Freon 22 (CLF2Methane) 0.000 67 a N.D. d 
3) Freon 12 (Cl2F2Methane) 0.000 85 a N.D. d 
4) Chloromethane 4.343 SO 124434 15.09 ppbv 99 
5) Freon 114 (Cl2F4Ethane) 0.000 85 0 N.D. 
6) Vinyl Chloride 0.000 62 0 N.D. 
7) 1,3- Butadiene 4.635 54 416239m 51. 95 ppbv 
8) Bromomethane 0.000 94 a N.D. 
9) Chloroethane 0.000 64 a N.D. 
10) Acetone 5.505 58 2422315m 391.94 ppbv 
11) Freon 11 (C13Fmethane) 0.000 101 0 N.D. 
12) Acrylonitrile 0.000 53 0 N.D. d 
13) 1,1-Dichloroethene 0.000 96 N.D. d 
14) Methylene Chloride 6.235 84 38951 3.60 ppbv as 
15) Methyl Acetate 0.000 43 0 N.D. d 
16} Freon 113 (C13F3Ethane) 0.000 101 a N.D. 
171 Carbon Disulfide 6.539 76 344657 11.41 ppbv 99 
18) Trans-l,2-Dichlorothene 0.000 96 a N.D. 
19) 1,I-Dichloroethane 0.000 63 0 N.D. 
20) Methyl T-Butyl Ether ( ... 0.000 73 0 N.D. d 
21 ) Methyl Ethyl Ketone (2 - ... 7.670 43 2397933 120.12 ppbv 94 
22) Chloroprene(2-Cl-l,3-B ... 0.000 88 0 N.D. 
23) cis-1,2-Dichloroethene 0.000 96 0 N.D. 
25) Hexane 0.000 57 N.D. d 
26) Chloroform 0.000 83 N.D. d 
27) 2,2-Dichloropropane 0.000 77 0 N.D. 
28) Dibromofluoromethane ( ... 0.000 111 a N.D. 
29) 1,2- Dichloroethane 0.000 62 a N.D. 
30) 1,1,1-Trichloroethane 0.000 97 0 N.D. 
31) 1,1- Dichloropropene 0.000 75 0 N.D. 
32) Benzene 9.903 78 3415745 110.60 ppbv 98 
33) Carbon Tetrachloride 0.000 117 a N.D. 
34) Cyclohexane 0.000 84 a N.D. d 
35) Dibromomethane 0.000 174 0 N.D. 
36) 1,2-Dichloropropane a .000 53 a N.D. 
37) Ethyl Acrylate 0 .000 55 a N.D. 
38) Bromodichloromethane a .000 83 a N.D. d 
39) Trichloroethene 0 .000 132 0 N.D. 
40) Methyl Methacrylate 0 .000 69 a N.D. d 
41 ) cia-1,3-Dichloropropene 0.000 75 a N.D. 
42 ) Methyl Isobutyl Ketone 0.000 sa 0 N.D. d 
43) Methyl Cyclohexane 0.000 98 0 N.D. 
44) tranS-l,3-Dichloropropene 0.000 75 0 N.D. 
130 
45) 1,1,2-Trichloroethane 
46) Toluene-dB (SMC) 
4?) Toluene 
48) 1,3-Dichloropropane 
4~) Methyl Butyl KetoneI2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) 1m and lor p) Xylene 
58) Bromoform 
5~) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 











































































































































(#) • qualifier out of range 1m) ~ manual integration 1+) _ signals summed 
T015ppb8.M Thu Mar 25 09:32:36 2010 
131 









































23 Mar 2010 4:40 pm using AeqMethod T015PPB8.M 
5973A MSD 
lOOee IS,500ee,AS11,6440,T015.mpt 





, I ~ ........ ~_. __ _ 
i,LJ5.247 / d 
400000 
200000 
"~~I,_--,_,.,--. ... ~ '. ___ ._,~;'._".,~~ _____ ....... -,....;.-.....: __ ,_ ....... , ___ --" .• _--...-~~~~_ ._",t/ 


















Sample Date: 031610,Site:MethBlnk 
10 Sample Multiplier: 1.25 
25 10:12:43 2010 
C:\msdchem\1\METHODS\T015ppb8.M 
TOI4/T015 Volatile compounds 
Tue Mar 23 11:48:01 2010 












2) Freon 22 (CLF2Methane) 
3) Freon 12 (C12F2Methane) 
4) Chloromethane 
5) Freon 114 (C12F4Ethane) 
6) Vinyl Chloride 




11) Freon 11 (C13Fmethane) 
12) Acrylonitrile 
13) 1,1-Dichloroethene 
14) Methylene Chloride 
IS) Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
17) Carbon Disulfide 
18) Trans-l,2-Dichlorothene 
19) 1,1-Dichloroethane 
20) Methyl T-Butyl Ether ( .. . 
21) Methyl Ethyl Ketone(2- .. . 





28) Dibromofluoromethane ( ... 
29) 1,2- Dichloroethane 
30) 1,1,1-Trichloroethane 
31) 1,1- Dichloropropene 
32) Benzene 




37) Ethyl Acrylate 
38) Bromodichloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
41) cis-l,3-Dichloropropene 
42) Methyl Isobutyl Ketone 
43) Methyl Cyclohexane 
44) trans-1,3-Dichloropropene 





































































































































































































46) Toluene-dB (SMC) 
47) Toluene 
48) l,3-Dichloropropane 
49) Methyl Butyl Ketone(2- .. 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) l,l,2,2-Tetrachloroethane 









































































































































































(#) = qualifier out of range (m) = manual integration (+) m signals summed 








24 Mar 2010 ::04 pm using AcqMethod T015PPB8.M 
5973A MSD 
Sample Name: 100ce IS,500cc,AS4,6435,T015.mpt 
Mise Info Sample Date: 032410,lO:05AM,MSD Backgrou~d 























1000000 ,I 5893 
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Sample Date: 032410,10:05AM,MSD Baekgroubd 
11 Sample Multiplier: 1,25 
Mar 24 16:21:57 2010 
C:\msdchem\1\METHODS\TOI5ppb8.M 
T014/T015 Volatile Compounds 




Response via Continuing Cal File: C:\msdchem\1\DATA\03232010\A0323-02.D 








2) Freon 22 (CLF2Methanel 
3) Freon 12 (C12F2Methane) 
4) Chloromethane 
51 Freon 114 (Cl2F4Ethane) 
6) Vinyl Chloride 




111 Freon 11 (C13Fmethane) 
121 Acrylonitrile 
131 l,1-Dichloroethene 
141 Methylene Chloride 
15) Methyl Acetate 
16) Freon 113 (C13F3Ethane) 
17) Carbon Disulfide 
181 Trans~l,2-Dichlorothene 
191 1,1-Dichloroethane 
201 Methyl T-Butyl Ether (. 
211 Methyl Ethyl Ketone(2~ 





281 Dibromofluoromethane ( ... 
291 1,2- Dichloroethane 
301 l,l,l-Trichloroethane 
311 1,1- Dichloropropene 
32) Benzene 




37) Ethyl Acrylate 
38) Bromodichloromethane 
39) Trichloroethene 
40) Methyl Methacrylate 
411 eis-l,3-Diehloropropene 
421 Methyl Isobutyl Ketone 














































































































































1. 04 ppbv 





























































46) Toluene-dB (SMC) 
47) Toluene 
48) 1,3-Dichloropropane 
49) Methyl Butyl Ketone(2- ... 
50) Dibromochloromethane 
51) 1,2- Dibromoethane 
52) Tetrachloroethene 
54) 1,1,1,2 - Tetrachloroe ... 
55) Chlorobenzene 
56) Ethylbenzene 
57) (m and lor p) Xylene 
58) Bromoform 
59) Butyl Acrylate 
60) Styrene 
61) 1,1,2,2-Tetrachloroethane 





































































































































(#) = qualifier out of range (m) = manual integration (+) = signals summed 
T01Sppb8.M Wed Mar 24 16:22:14 2010 
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APPENDIX C - NOMENCLATURE 
Clean Air Act (CM) 
Maximum contaminant levels (MCLs) 
National Ambient Air Quality Standards (NMQS) 
New Source Performance Standards (NSPS) 
Hazardous Air Pollutants (HAPs) 
U.S. Environmental Protection Agency (USEPA) 
World Health Organization (WHO) 
Louisville Metropolitan Sewer District (MSD) 
Volatile Organic Compounds (VOCs) 




Regenerative Thermal Oxidizers (RTO) 
Inhalation Reference Concentration (RfC) 
Oral Reference Dose (RfD) 










788 Raymond Kent Ct. - Apt # 1 
Louisville, KY 40217 
Babol, Iran - August 28, 1986 
B.S. Safety & Technical Inspection Engineering 
Petroleum University of Technology (PUT) 
2004-2008 
M.S. Civil & Environmental Engineering 
University of Louisville 
2009-2010 
Awarded the tuition scholarship for B.S. in Safety & Technical Inspection 
Engineering from PUT 
2004-2008 
Awarded Graduate Teaching Assistantship from University of Louisville 
2009-2010 
PROFESSIONAL American Society of Civil Engineers (ASCE), Since 2009 
SOCITEIS: Society of Petroleum Engineers (SPE), 2004-2008 
PUBLICATIONS: S. Ebrahimi, M. Ghorbanian, S. Alikhani, S. Khatibi, "Possibility Evaluation in 
Application of Different Remediation Methods of Petroleum Pollutants in soil 
and its Algorithm in Industrial Case", presented at the Eurosoil Congress, 
2008, Vienna, Austria. 
139 
